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ATGCCGATTCOTOTGLOGRACGALGCTACCLCGLCHETCAATTTOTTGCETGAAGAARAC
GUCTTTCTEATGACAACT T TRETGUGTUTGETUAGLAAATTCGTCCACTYAAGEGTY
CTGATCCTTAACCTGATGUCEAAGAAGATTOCAAATTCAAAATCAGTITTUTCGCGLCTEG
CTTTCAAACTCACCTTYGCAGETCGATATTCAGCTETTGCGCATCCGATTCCUGTGAA
TOGCGCAACACGUCCOLLAGAGCATCTOAACAACTTUTACTGTAAUTITGCAAGATATY
CAGGATCAGAACTTTGACGETTTGATTGCTAACTLETGCGUCGUTCGGCCTGGETGEAG
TTTAATGATGTCGUTTACTGGUCGLAGATUAAACAGGTGCTGGAGTGETCGAAAGAT
CACGTCACCTCGACGUTGTTTGTCRGUTGLGUGGTACAGGLLGCGCRCAATATCCTC
TACCGCATTCCTAAGCAAALTCGCALUCGAAAAALTCTCTLRGUGTTTALGAGCATCAT
ATTCTCCATCCTUCATGUGCTTCTGACGLCTOGGCTTTCGATCATTCATTUCCTGLLACCS
CATTUGLGCTATGCTGACT T TUCGLCAGCLTTEATTCGTGATTACACCRATUTGEAA
ATTCTGGCAGAGACGLAAGAAGGLGATGCATATCTETTYGCCAGTAAAGATAAGCGC
ATTCCCTTTETGACLGGUCATCUCGAATATGATLCGUAAACGUTGGCLCALGGAATTT

ATGUCGATTCGTGTLCCLGACGAGCTACCCHUCLTCAATTTUTTLUGTGAAGAAARL
GTCPTTGTGATOACAACTTCTCOGTGCETCTOETCAGGAAATTUCTCCACTTAAGETT
CTGATCCTTAACCTGATGCCGAAGAAGATTGRAACTGAAAATCAGTTTCTGCGCUTG
CTTTCAAACTCACCTTTGCAGGTCCATATTCAGUTETTGUOCATCOGATTCCCETGAA
TCCGUGCAACACGCCUGCAGAGCATCTGAACAACTTCTACTGTAACTITGAAGATATT
CAGGATCAGAACTITGACGLTTTCGATTGTAACTOETGUGCLLUTCGGLUTGEETEEAL
TTPARTCATGTCGOTTACTGGUCGCAGATCARMACAGGTGUCTGGAGTEGTCGARAGAT
CACCTCACTTCGACGCTGTTTCTCPGCTCGLCGLETACAGLCUGLCLGOEPLAATATCCTC
TACGGLCATTCCTAAGUAAACTCLOUACCGAAAAALUTCTUTGLUCGTTTACGAGCATCAT
ATTCTCCATCUTUCATGUGUTTUTGACGUGTGGLUTTTGATGATTUATICUTGLCALC
CATTCGCLUTATOGUTOCACTTTCCGGCAGCGTTCGATTCETGATTACACCGATCTGGAA
ATTUTGLHCAGALACLGAAGAAGLGGATGUATATUTGT T TGCCAGTAAAGA T AAGCLT
ATTCCCTTTGTCACGHGLUCATCCCGAATATGATCCOGCAAALGUTGLUGLAGGAATTT
AATGATCCGCAAAATACACUGCGAGCCAGCTGGUGTAGTCACGGTAATTTACTGTTT
ACCAACTGGUITCAARCTATTACGTCTIGCCAGATCACGUCATACGATCTACGECACATG
AATCUAALGCTGGATTAA
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TCGCGCAACACGCCCGCAGAGCATCTGAACAACTTCTACTGTARACTTTGAAGATATT
CAGGATCAGAACTTTGACCGTTTGATTETAACTGETCCGUCECTEEGCCTGETGRAG
TTTAATGATGTCCCT TACTGCCCGCAGATCARACAGCTCC TGGAGTGGTCGAARGAT
CACGTCACCTCGACGCTETTTGTCTGCTGGCCEETACAGGCCECGCTCAATATCCTC

AR TGATCUCGCAAAATACACCGUGAGCGAGUTGGUGCTAGT CACGLCTAATTTACTLUTT
ACCRAACTGGUTCAACTATTACGTCTACCAGAGUCACGLTATACGATCTACGGLACATG
AATCCAACGUTGGATTA

ATGUCGATTCGUGCTGUCGGACGAGCTACCCGCCGTCAATTTOTTGLGTGAAGARAAL
GTCTTPGTGATGACAACTTCTCETGCETCTGHLTCAGGAAATTCGTCLCACTTAALETT
CTOGATCCTTAACCTGATGCCGAAGAAGATTGAAACTGCAAAATCAGTTTCTGULCLTG
CTTTCAAACTCACCTITGGAGLTUGATATTCAGCTGTTGCGCATCGATTCCLETGAA
TCOGUGCAACACGCLCCGCAGAGUATCTGAACAALCTTCTACTETAACTTTGAAGATATT
CAGGATCAGAACT I TGACGHTTTCATTGTAACTGGTGLGLCCOLTERELCTEETLGAG
TTTAATGATGTCGCTTACTGGUCCGLCAGATCARACAGGTGCTGGAGTGETUGAAAGAT
CACGUCACCTCGACGOTET P TGETCTGUTGCGHECLETACAGGUCHGCEGCTCAATATCOTC
TACGGCATTCCTAAGCAAACTCECCACCCGAAAAACTCIECTGECLTTTACGAGCATCAT
ATTCTCCATCOCRCATGUGUCTTCTGACGCETEGUTTTCATCATTCATTCOPGGLALCCE
CATTCGCOGUCTATGCTCACTYTCOCGECAGCGTTCATTUGTCGATTACACCGATCTORAA
ATTCTGLCAGAGACGGAAGAAGGGGATGUCATATCTGTTTOUCAGTAAAGATAAGUGC
ATTGCCTPTGETGACGGGCCATCUCCGAATATCATCGUGUAAACGLTGGUCCAGGAATTT
TTCCGUGATGTGGAAGCCGGACTAGACCCGEATGTACCETATAACTATTTUCCLUALC
AATGATCCGCAAAATACACCGCGAGCGACCTGECETAGTCACGGTAATTTACTOTTT

AATCCAACGCUGEATTAA
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ATGGCAAALACACUTTTTTACGECUGAGTCUGTCTCTGAAGLGUATCUTGACAALATT
GCPGACCAAMATTICTGATGCCETITTAGACGUGATCUTUGRALAGGATCLGARAAGIA
ACCACCAGUGLCPGLGTAGACATCGARAGAGATCACCCGTAACACCETTCGCGARAATT
GGUTATGTCGCATPCLCGACATGGGCTTTCACGCTAACTCCTGTGLGEGTTCTGAGCGELT
ATCOGGUCAAACAGTUTCCTOACATCAALCAGGGUOTTCGACCGTOUCGATCUGUTGLAA
CAGGGUGLGGGTGACCAGGGTCTGATETTYGGCTACGCAACTAAPGAAACCGACETG
CTGATGUCUCAGCACUTATCACCTATCCACACCGTCTGLTALCAGUCLTUAGGUTGAAL T
CAGTATGACCGACGGCAAAATCEITCGGTATCGATGCTGICERGCTTICCACTCAGIAL
TCTGAAGAGATUGACCAGAAATUGUTLGCRAGAAGCGETAATLCGAAGAGATCATCAALL
CCAATTCPGUCLGUTCAATOGGCTGACTTUTGCCACCAAATTUTTCATCAACCCGACC
GCGICGCTTPCOTTATCOETEOGUCCAATGREGTCACTLUGHTCTGACTOLGTUCGTARAARATT
ATCCTTGATACCTACGLUGGUATGGULUGYCACGOLTGGLGETGCATTUTCTGHETAAR
GATCCATCAAAACTGCACCGTTCLGUAGCUTACGLCAGCACETTATGTCGCGAAAAAC
ATCGTTGCTCUTCCUCTOGCCEATCETTCTGAAATTCAGGTTTCCTACGCAATIGEC
GTGGUTGAACUGACUTCCATCATGETAGAAAUTTTCGETACTGAGALMAGTGUCCTTUT
GAACAACTGACCOTGCTGGTACGTGAGTTOTTCGACCTRCLCLCATACGETCTGATT
CAGATGLUTGGATCTGCTGCACCCHATCTACRAAGARAACUGUALGCATACGGTCALTTT

GCCGHETCTCAAGTAA

ATGLGCAAAACACCTTTITTACCTCCGAGTCLGTCTUTGAAGGGLCATCCTGACAARAATT
GCTOACCAAATTTUTGATOUCOTTTTAGCGACGUCGATCCTCGAALCAGGATCUGAARAGCA
COUCOGTTGCTTGUGAAACCTACGTAAAAALUCGOUATOGGTTTTAGT TGOUGCGCEAAATC
ACCACCALGCLCUTEGETAGACATCCAAGAGAT CACCCGTAACAUCETTUCGLCGAAATT
GGCTATGTGUATTCCGACATGCECTTIGRACGCTAACTCCTGTGUGHETTCTGAGCECT
ATCGGCAAACAGTUTCCOTGACATCAALCAGLEGUGTTGACCGTGUCLATCCGCRGHAR
CAGGGUGLGLETGACCAGGGTCTGATETTTOGUTACGCAACTRAATCAAACCGACETG
CTCGATGCCAGCACCTATCACCTATCCACACCGTOTGGTACACCETCAGGUTGAALGTG
CGTARARACGGLALCTOTOOCGTGCLTLCOCCCGRACGCGARARAGCLAGGTGACTTTT
CAGTATGACGACGLUAARATUGTTGETATCOATGUTGCTCCTGUTTTUCACTCAGCAL
TCTGAAGAGATCCACCAGAAATCGUTCUAAGAAGCGOTAATCGAAGAGATCATCAAG

GTGOUTGAACCGACCTCCATCATGEGTAGAAACTTTCGGTACTRALAAALGTGUCYTCTY
GAACAACTGACCCTGUTGOTACGTGAGTTCTTCGACCTGCGCCCATACGGETCTGATT
CAGATGCTYGHATCTYGUTGLACCCGATU TACARAGAAACCGCAGUATACGGTCACTTY
GGTCETGAAUATTTCCCGETGHGAAAAAAUCGACAAAGLUGLAGCTCUTGGUGATEIT G
COGGTUTLAAGTAA
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MPIRVPDELPAVNFLREENVEVMTTSRASGOEIRPLRVLILNLMPKRKIETENQFLRL

LONSPLOVDIQLLRIDSRESRNTPAERLNNEFYCNFEDIQDONFDGLIVIGAPLGILVE

APVIGHEPEYDAQTLAQEFFRIVEAGLDPDVPYNYPPHNDPONTPRASWRSHGNLLET
NWLNYYVYQITRPYDLERMNPTLD

ATGCCGATTCGTCTIGUCGHGALGAGCTACCCGCLGTCAATTTCTTGCETGAAGARAAL
GTCTITETGATGACAACTYCTECTGUGTCTGGTCAGGAAATTCGTCCACTTAAGGTT
CTGATCCTTAACCTGATGCCCGAAGAAGATTGAAACTGCAAAATCAGTTTCTGLGLOTG

CACGPCACCTCGACGCTCTTTOTCTGRCTGEGCEGTACAGGCCGCECTCAATATOCTC
TACGGCATTCCTAAGCABRACTCGCACCGARARACTCTCTGGCETTTACGAGCATCAT
APTCPCCATCCTCATGCGCTTCTCACGCOTCEC TTTGATGATTCATTCCTGGCACCE
CATTCECECTATGCTCACTTTCCCECAGCGTTCAT TCCTCATTACACCGATCTCGAA
ATTFCTGCCAGAGACGGAAGCRAGGGGATGCATATC TGP TTGCCAGTABAGATAAGCGC
ATTGCCTTTGTGAC GEGCCATCCCCAATATGATCOGCAAACCCTGGCGCACGAATTT
AATGATCCGCAARATACACCGCGAGCCGAGC TEGCETAGTCACGETAATTTACTGTTT
ACCAACTEGOTCAACTATTACGTCTACCAGATCACGCCATACGATCTACCGCACATG
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MARHLPTSESVSEGHPDRIADDISDAVL.DATLEDQDNPRARVACETYVRTEMVLVGGE L
QGAGDOGLMFGYATNETOVLMPAPTITYARRLVOROAEVREKNGTLPWLRPDARKSQVTE
QYDRDGRIVGIDAVVLSTOHSERIDQRSLOEAVMEET IR P ILPAEWLTSATKYFINPT
GRIVIGGPMODCOGLTORRKIIVDTYGGMARBGGGAT SCGRDPERKVDRSAAYAARYVAKN
IVAAGLADRCEIQVSYAIGVAEPTS IMVETYFGTERVPSEQLTLLVREFFDLRPYGLY
QMLDLLHPIYKETAAYGHF GREBFPWERTDRAQLLRDAAGLK

ATGECAAAACACTTTTTTACGTCCGAGTCCGETCTCPGAAGGGCATCUTGCACAARATT
GUTGACCAAATTTCTGATGCCLETTTTAGACLCGATCUTCHGARUAGLATCCGAAAGCA
CGLOTTGCTTCCOAAACCTACGTAAAAACCGECATGETYTTAGTTGGCGGCGARAATC
ACCACCAGUGCCTGEETAGACATUGAAGAGATCACCCETAACACCGTTCGCGAAATT
GECTATGTGCUCATTCCGACATGRGCTTTGACGCTAACTCCTETLCGETTOTGAGUGCT
ATCGGCAAACAGTCOTUCTGACATCAACCAGLGUGTTGACCETGLCCATCCGUTLGAA
CAGGGUGCLEGTGACCAGGGTCTGATGTTPGLUTACGLAACTAATGRAAACUCGACGTS
CHGATGUCAGCACCTATCACCTATGCACACUGTCTGETACAGUGTCAGHCTGAAGTG
COTAARARCGHGCACTUTGLLGCTLGUTGCLHLUCUGLALCGUGAAAAGUCAGUTGACTTTT
CAGTATGACGACGGUAAAATCGTIGCGTATCGATGLCTIGTCGTGCTTTCCACTCAGCAC
TCTGAAGACATCGACTCAGAAATCOGUTGUAAGAAGCGGTAATGLAACGAGATCATCAAL
CCARTTCTGUCCOUTGAATGGUTGACTTICTGCCACCARATTCTTUCATCAACCCGACT
GGCTCGCTITTOGTTATCGGETGGUCCAATEGEYGACTRCGHETCTGACTGLTCLRTAAAATT
ATCETTGATACCTACGLCGLCATGGLCOLGCTCACGLTGLUGLTGCATTUTCTLETAAN
GATCCATCARAAGTGCACCGTTCCECAGCCTACGCAGCACGTTATETCGCCAARAAC

CALATLCTLHGATCTLCTHRCACCCHATUTACARMAGAAALCGUAGUATACGLTCACTTY
GGCTOGCTGAACATTTCOCETOGEAAAAAACCGACARAGCGLAGLTGUCTGCGUGATLLT
GUCHETCTGAAGTAA
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GATATCCAGTITGACCCAGTCCC

CGALLULCCCTGTUCUGUUTCTRUVGGLUGATAGGL TCACCATUACCTRCAGUGCAAGT UAGE
ATATTAGCAARCTATTTAAACTGOGTATCAACAGRAAACCAGGAABAGCTCCGAAAGTAUTGA
PTTACTYCACCTUCTCTCYCCACTUTGGAGTCUCTTIUVCGUTTCTUTGCLATCUGET TG
GGACGGATTTUACTUTGAUCATUAGUAGYCTGCAGUCCAGAAGACTTCCCAACTTATYACT
GTCAACAGTATALGCACUGTGUCGETGGACLTTTHGACAGGGTACCAAGGTEGAGATCARAC
GAACTGTGGCTGCALCATUTGTUTTCATCTTCCCLCCATCTGATGALGUCAGTTGAAATC T
CAARLCTGCTTORETIGCTEIGCCTNGUTEGAATAACTTCTATCCUAGAGAGGUCARAGTACAGT
GGAAGGTGGATAACGCCCTCCAATCGLETAALTULCCAGLGAGAGTGTCACAGAGCAGGALA
GCAALGACAGCACCTACAGUUTCALGLCAGUACCUTGACGCTOAGCAAAGUAGACTACGAGA
ABCACARAGTUTACGCCTECGAAGTCACCCATCAGGGCCTGAGCTCGCCCETCACAAAGA
GCTTCAACAGGGGAGAGTGT

GAGGTTC
AGUTEETGRAGTUTGLUGGTGGCLTGETGUCALGUCALGEGGGLUTCACTCLLTTTETCOTETG
CAGCTTCTCECTACGACTYCACGCACTACGETATGAACTGGEGTCCOETCAGGCCCCGGETA
AGGLUCTGEAATEGGTTGGATGGATTAACACUTATACCGLGTGAAUCGALCTATGCTLUGE
ATTTCAAACGTCGTOTCACTITTTCTTTAGACACUTCCARAAGCACAGCATACCTGCAGA
LGAACAGUCTGUGCGUTGALGACAUTGUUGTUTATTACTGTGCAAAGTACCUL TACTATTY
ATGGGACGALGUCCACTGGCTATTITUGALTCTGGGHTCAAGGAAUCCTLETCACCGTCTCLT
CELELUCTCUACCAAGGLUCCATCGLTCTTUCCUCTGLUACTCUTCUCTCCAAGAGUACTTUTG
GGEGCACAGCGECLOTGLECTGCCTGETCAAGCGACTACTYCCCOGAACCGETGACGHETET
CETGEAAUTCAGGCGUUCTGACCAGCLGLUGTOGCACALCCTTCLCGLEUTGTUCTACAGTOLT
CAGGACTCTACTCCUTCAGCAGCGETGGTGACCCTGCCCTCCAGCAGCTTOLGCACCCAGA
CCTACATCTGCAACGTGAATCACAAGCLCAGLCAACACCAAGGTCGACAAGARAGTTGAGC
CCARATCTTGTGACARAALTCACCTC
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DICLTOSPSSLEASVGDRVIITCSASODISNYLNWYQOKPGRKAPKVLIYFPTSSLHSGVES
RFSGEGSETDFTLTISSLOPEDFATYYCOOYSTVRRTFGOCTRVE IRRTVAAPSVP IFPP

SDEQLESGTASVVCLLNNFYPREARKVOWKVDNALOSGNSQESVIEQDSERSTYSLSSTLT
LSKADYERHXVYACEVTHQGLESPVIKSEFNRGEC Fi G 2 1 A

AADFKRRFTFSLDTSKSTAY LOMNSLRAEDTAVY YCARY PYYYGTSHWY FDVRGQGTLYT
VSSASTEGPSVFPLAPSSKSTSGETAALGCLVKDYFPEPVTVSWNSGALTSGVETEPAVL
OSSGLYSLESVVTVPS S8 LETOTY ICNVNHKPSNTRVDKKVEPK SCDKTHL

(s 2185

DIOVIOSPSSLEASVEDRVTITCITSTDIDDDMNWY QOKPGKVPELL I SGENTLRPGVES
RFSGSGSGTDFTLTISSLOPEDVATYYCLOSDSLPY TFGOGCTRVE IRRTVARPSVE IFPP
SDEQLEKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSQESVIEQDSKDS TYSLSSTLT
LSKADYEKHXVYACEVTHOGCLESPVTK SEFNRGEC F! G 2 2 e

RVOLVOSGPELKEPGASVRVSCKASGY T TN Y GMNWVROAPGOGLEWMGCWI NTY TGETTY
ADDFKGRFVESLDTSVS TAYLO IS SLKAEDTAVY YCEREGGVRNRGOGTLVIVESASTRE
PSVFPLAPSSKSTSCGTAALGCLVKDYF PEPVIVAWNSGAL TEGVH PP PAVLOSSGLYSL
SSVVTVPSSSLOTOTY ICNVNEEKPSNTKVDKKVEPKSCDKTHT Jf:i

(5. 2215

DIOMTOSPSSLSASVGDRYTITCRSSOSLLY PSSOENYLAWYQOEPGKAPKLLIYWALSTR
BoGVPSRESGSGSGTDPTLTISSLOPERFATYYUQOQYYAYPWTIFCRLGTEVEIRKRTVAAPS

LSSTLTLSKADYEKHEVYACEVTHQCLSSPVTRSFNRGEC . % O% B
) FiG. 234

BVOLVESGSGGLVOPCGSLRLECAASGYPF IS YWLHEWVROAPGKGLEWVCMIDPSNSDTRE
NPNFRDRFTISADTSENTAYLOMNSLRAEDTAVYYCATYREYVIPLDYWGOGTLVTVSSA
STKGPSVFPLAPSSKSTSGETAALGCLVKDYFPERPVIVESWNSGALTSGVHTPPAVLOSSG
LYSLSSVVIVPSSSLETOTY ICNVNHKPENTRVDKEVEPKSCDK THTCPPCPAPELLGGPE
BVFLFPPRPRKDTLMISRIPEVICVVVDVSHEDPEVKFNWYVDGVEVENAKTKPREEQYNS
TYRVVSVLTVLEQDWLNGKEYRCRVSNKALPAPIEKTISKAKGOPREPOVY TLPPSREEM
TRKNQVSLSCAVEGFYPESDIAVEWESNGOPENRYRTTPPVLDSDGSFPLVSKLTVDRSRW(
QGNVFSCSVMBEALHNHYTOKSLELSPGK > 238

DK THPCPPCPAPELLGGPSVEFLFPPRPRD T LM I SRTPEVTCVVVDVSHEDPRVKFNWY VD
GVEVHNAKTKPREEQOYNS TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTI SKAK
GOPREPOVYTLPP SREEMTRNOVSLWCLVRGF Y PESDIAVEWESNGOPERNYK TIPPVLDS

FIG. 23C
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COMPOSITIONS FOR PREVENTING
NORLEUCINE MISINCORPORATION INTO
PROTEINS

RELATED APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 15/067,646, filed on 11 Mar. 2016, which 1s a

continuation of U.S. patent application Ser. No. 14/031,463,
filed on 19 Sep. 2013, which claims the benefit of U.S.

Provisional Application No. 61/777,700, filed on 12 Mar.
2013, and U.S. Provisional Application No. 61/703,142,
filed on 19 Sep. 2012, each of which 1s incorporated by
reference herein 1n their entireties.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and 1s
hereby incorporated by reference in its entirety. Said ASCII

copy, created on Nov. 2, 2017, 1s named P04967 _US_4
Sequence_Listing.txt and 1s 44,890 bytes in size.

FIELD OF THE INVENTION

The present invention relates to methods and composi-
tions for preventing misincorporation of norleucine into
proteins during recombinant protein production 1n bacteria.
The present invention also provides microorganism host
cells and nucleic acid molecules for use with the methods
and compositions provided herein.

BACKGROUND

Norleucine, an analog of the amino acid methiomne, can
be misincorporated into proteimns i place of methionine
residues. When expressed in Escherichia coli (E. coli), many
heterologous proteins have norleucine mistakenly incorpo-
rated 1n places where methiomine residues should appear.
The misincorporation of norleucine 1n proteins, 1n particular
in heterologous proteins produced by recombinant means, 1s
generally considered undesirable due, in part, to the result-
ing production of altered proteins having undesirable char-
acteristics.

Misincorporation of norleucine at methionine positions
during recombinant protein production i £. coli has been
observed for over 30 years. (See, e¢.g., Munier and Cohen
(1959) Biochim Biophys Acta 31:378-391; Cohen and
Munier (1956) Biochim Biophys Acta 21:592-593; Cohen
and Munier (19359) Biochim Biophys Acta 31:347-356; and
Cowie et al., (1959) Biochim Biophys Acta 34:39-46.) For
example, approximately 14% of methionine residues 1n
methionyl bovine somatotropin (MBS) exhibited norleucine
misincorporation during recombinant production of this
protein 1n £, coli, and approximately 6% of the methionine
residues 1n native E. coli proteins were also substituted with
norleucine. (See Bogosian et al., (1989) J Biol Chem 264
531-9.) In another example, production of interleukin-2 1n a
mimmal medium £. coli fermentation resulted 1n approxi-
mately 19% of the methionine residues 1n the recombinant
protein were substituted with norleucine. (See Tsa1 et al.,
(1988) Biochem Biophys Res Commun 156:733-739.) Other
studies showed that norleucine residue misincorporation
into protein can occur both at internal methionine residues

and at the amino terminal methionine residue. (See Brown
(19°73) Biochum Biophys Acta 294:5277-529; and Barker and

Bruton (1979) J Mol Biol 133:217-231.)
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Norleucine competes with methionine for incorporation
into proteins due to the promiscuous nature of the enzyme
methionyl tRNA synthetase (MetG). (See Trupin et al.,
(1966) Biochem Biophys Res Commun 24:50-53; and Fer-
sht and Dingwall (1979) Biochemistry 18:1250-1256.)
Kinetic studies with £. coli MetG enzyme showed that
acylation of MetG 1s approximately 4-fold higher waith
methionine compared to that with norleucine. (See van Hest
et al., (2000) Am Chem Soc 122:1282-1288.) Due to the
relaxed substrate specificity of MetG, norleucine can sub-
stitute for methionine 1n the acylation reaction, resulting 1n
misincorporation of norleucine into proteins i1n place of
methionine.

Misincorporation of norleucine residues for methionine
residues 1n recombinant protein production 1s generally
considered undesirable. Recombinant proteins or polypep-
tides contamning misincorporated norleucine residues may
exhibit altered structural and functional features, such as, for
example, altered sensitivity to proteolysis, diminished bio-
logical activity, or increased immunogenicity.

Various strategies have been developed to reduce or
prevent norleucine misincorporation during recombinant
protein production. For example, supplementing cell culture
medium with methionine during the fermentation process
(by continuous or bolus feed/addition of methionine) has
been used to ensure that excess methionine 1s available to the
cells, thus reducing the probability of an incorrect charging
of the methionyl tRNA with norleucine. (See, e.g., U.S. Pat.
No. 5,599,690.) While continuous or bolus feed/addition of
methionine reduced the extent of norleucine misincorpora-
tion 1n recombinant proteins, the operational complexity and
cost of the fermentation process may increase. Furthermore,
continuous or bolus feed/addition of methionine during
fermentation may lead to undesirable dilution of the fer-
mentor contents, resulting in lower cell densities and lower
product yields.

Deleting genes mmvolved 1n the norleucine biosynthetic
pathway such as, for example, deleting genes of the leucine
operon (leuA, leuB, leuC, and leuD) or deleting transami-
nase encoding genes such as 11vE or tyrB, has also been used

to reduce norleucine misincorporation in proteins. (See
Bogosian et al., (1989) J Biol Chem 264:531-539; Tsai et al.,

(1989) Biochem Biophys Res Commun 156:733-739; and
Randhawa et al., (1994) Biochemistry 33:4352-4362.) The
deletion of biosynthetic pathway genes to prevent norleucine
misincorporation, however, may require addition of other
amino acids (such as leucine or 1soleucine) to the culture
medium during fermentation as many genes involved in
norleucine biosynthesis are also imvolved in biosynthesis of
branched chain amino acids. (See Bogosian et al., (1989) ]
Biol Chem 264:531-539; see FIG. 8 of the instant specifi-
cation.)

Another strategy used to prevent norleucine misincorpo-
ration involved co-expression of enzymes which degrade
norleucine, including, for example, amino acid dehydroge-
nases and amino acid oxidases. This approach, however,
required overexpression of these enzymes, which may not
be desirable during recombinant protein production, and
may lead to lower recombinant protein yields. (See e.g.,
United States Patent Application Publication No. US2007/
0009995.) In addition, over expression of these enzymes
may result in degradation of other analogous amino acids
during the fermentation process. Altering the primary amino
acid sequence of the polypeptide to be expressed by substi-
tuting methionine codons with other codons was also per-
formed to prevent norleucine misincorporation. (See e.g.,
U.S. Pat. No. 5,698,418.) Such substitutions, however, may
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lead to diminished activity or structural changes in the
resulting protein, a highly undesirable outcome for recom-

binant protein production in the biotechnology industry.

As noted above, current methods used to prevent norleu-
cine misincorporation during recombinant protein produc-
tion 1n microorganisms are associated with various disad-
vantages; therefore, a need exists for novel methods usetul
for preventing or reducing norleucine misincorporation in to
proteins, 1n particular during recombinant protein produc-
tion 1n microorganisms, such as £. colli.

The present invention meets this need by providing engi-
neered microorganism host cells eflective at preventing
norleucine misincorporation during recombinant protein
production in microorganisms, such as, for example, bacte-
ria. The present mnvention provides, inter alia, £. coli host
cells comprising mutated metA and metK alleles (i.e.,
altered metA and metK nucleic acid sequences) which result
in methionine production by the microorganism to a degree
or extent suflicient to reduce or prevent norleucine misin-
corporation into proteins and polypeptides. Analysis of
recombinant proteins produced utilizing such host cells
showed that misincorporation of norleucine residues in place
of methionine residues was eliminated. The present inven-
tion further demonstrates that fermentation process perifor-
mance using such £. coli host cells, including growth of the
host cells and recombinant protein product titers utilizing
such . coli host cells, was comparable to that observed 1n
control host cells.

SUMMARY OF THE INVENTION

The present mvention provides, i part, methods and
compositions for preventing or reducing norleucine misin-
corporation into proteins and polypeptides. The methods and
compositions of the present invention are usetful for pre-
venting or reducing norleucine misincorporation in heter-
ologous (e.g., recombinant) proteins and polypeptides
expressed by a microorganism, such as, for example, bac-
teria (e.g., E. coli).

In some embodiments, the present mmvention provides
methods for preventing or reducing norleucine misincorpo-
ration into a protein or polypeptide expressed by a micro-
organism, wherein the microorganism produces methionine
to a degree or extent suflicient to prevent or reduce norleu-
cine misincorporation into the protein or polypeptide. In
some embodiments, the microorganism 1s a feedback-resis-
tant or feedback-insensitive homoserine succinyltransierase
microorganism. In other embodiments, the microorganism 1s
a microorganism comprising a mutant metA allele, a mutant
metK allele, or a mutant metA allele and a mutant metK
allele.

In some embodiments, the present mvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele,
wherein the mutant metA allele comprises a nucleic acid
sequence encoding an amino acid substitution 1 MetA
selected from the group consisting of an arginine to cysteine
substitution at amino acid position 27, a glutamine to
glutamic acid substitution at amino acid position 64, a
tyrosine to cysteine substitution at amino acid position 294,
an 1soleucine to serine substitution at amino acid position
296, and a proline to leucine substitution at amino acid
position 298. In some embodiments, the mutant metA allele
comprises a nucleic acid sequence encoding amino acid
substitutions 1 MetA comprising an 1soleucine to serine
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substitution at amino acid position 296 and a proline to
leucine substitution at amino acid position 298. MetA amino
acid positions described herein in the mstant specification

are 1n reference to wild-type MetA amino acid sequence as
shown 1n FIG. 7A and SEQ ID NO:29.

In other embodiments, the present invention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele,
wherein the mutant metA allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, and SEQ ID
NO:26.

As stated above, the present invention provides methods
for preventing or reducing norleucine misincorporation into
a protein or polypeptide expressed by a microorganism,
wherein the microorganism produces methionine to a degree
or extent suflicient to prevent or reduce norleucine misin-
corporation 1nto the protein or polypeptide. In other embodi-
ments, the present invention provides methods for reducing
or preventing norleucine misincorporation 1 a protein or
polypeptide expressed by a microorgamism, the method
comprising expressing the protein or polypeptide in the
microorganism, wherein the microorganism 1S a micCroor-
ganism de-repressed for methionine production. In some
embodiments, the microorganism 1s de-repressed {for
methionine production due to partial loss-of-function of
S-adenosylmethionine synthase. In other embodiments, the
present mnvention provides methods for reducing or prevent-
ing norleucine misincorporation 1n a protein or polypeptide
expressed by a microorganism, the method comprising
expressing the protein or polypeptide 1n the microorganism,
wherein the microorganism comprises a mutant metK allele.
In some embodiments, the mutant metK allele results 1n a
partial loss-of-function of MetK.

In some embodiments, the present mmvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metK allele,
wherein the mutant metK allele comprises a nucleic acid
sequence encoding an amino acid substitution 1 MetK
comprising a valine to glutamic acid substitution at amino
acid position 185. In other embodiments, the present inven-
tion provides methods for reducing or preventing norleucine
misincorporation in a protein or polypeptide, the method
comprising expressing the protein or polypeptide 1n a micro-
organism, wherein the microorganism comprises a mutant
metK allele, wherein the mutant metK allele comprises a
nucleic acid sequence comprising a deletion of the cytosine
base at nucleic acid residue position 1132 of the metK allele.
MetK amino acid positions described herein 1n the instant
specification are 1n reference to wild-type MetK amino acid
sequence as shown in FIG. 8A and SEQ ID NO:30. metK
nucleic acid positions described herein 1n the 1nstant speci-
fication are in reference to wild-type metK nucleic acid
sequence as shown 1 FIG. 8B and SEQ ID NO:32.

In some embodiments, the present mmvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metK allele,
wherein the mutant metK allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID

NO:27 and SEQ ID NO:28.
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In other embodiments, the present invention provides
methods for reducing or preventing norleucine misincorpo-
ration 1 a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele
and a metK allele. In some embodiments, the mutant metA
allele comprises a nucleic acid sequence encoding a tyrosine
to cysteine substitution at amino acid position 294 of MetA
and the mutant metK allele comprises a nucleic acid
sequence encoding a valine to glutamic acid substitution at
amino acid position 185 of MetK. In other embodiments, the
present invention provides methods for reducing or prevent-
ing norleucine misincorporation 1n a protein or polypeptide,
the method comprising expressing the protein or polypeptide
In a microorganism, wherein the microorganism comprises
a mutant metA allele and a metK allele, wherein the mutant
metA allele comprises a nucleic acid sequence encoding a
tyrosine to cysteine substitution at amino acid position 294
of MetA, and wherein the mutant metK allele comprises a
nucleic acid sequence comprising a deletion of the cytosine
base at nucleic acid residue position 1132 of the metK allele.

In other embodiments, the present invention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising,
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele
and a mutant metK allele, and wherein the mutant metA
allele comprises the nucleic acid sequence of SEQ ID
NO:24, and the mutant metK allele comprises the nucleic
acid sequence of SEQ ID NO:27. In yet other embodiments,
the present invention provides methods for reducing or
preventing norleucine misincorporation in a protein or poly-
peptide, the method comprising expressing the protein or
polypeptide in a microorganism, wherein the microorganism
comprises a mutant metA allele and a mutant metK allele,
wherein the mutant metA allele comprises the nucleic acid
sequence of SEQ ID NO:24, and the mutant metK allele
comprises the nucleic acid sequence of SEQ ID NO:28.

The present invention further provides microorganism
host cells useful for preventing or reducing norleucine
misincorporation into proteins and polypeptides expressed
by a microorganism host cell. The present invention also
provides microorganism host cells for use 1n the expression
of proteins or polypeptides by the microorganism host cell,
wherein the expressed proteins or polypeptides are free of
norleucine misincorporation. In some embodiments, the
microorganism host cell 1s a bactertum. In other embodi-
ments, the microorganism host cell 1s E. coli.

The present invention provides a microorganism (€.g., a
microorganism host cell), wherein the microorganism pro-
duces methionine to a degree or extent suilicient to prevent
or reduce norleucine misincorporation into proteins or poly-
peptides expressed by the microorganism. In some embodi-
ments, the present mvention provides a microorganism,
wherein the microorganism 1s a feedback-isensitive homo-
serine succinyltransierase microorganism. In other embodi-
ments, the present ivention provides a microorganism
comprising a mutant metA allele. In some embodiments, the
present mnvention provides a microorganism comprising a
mutant metA allele, wherein the mutant metA allele com-
prises a nucleic acid sequence encoding an amino acid
substitution in MetA selected from the group consisting of
an arginine to cysteine substitution at amino acid position
2’7, a glutamine to glutamic acid substitution at amino acid
position 64, a tyrosine to cysteine substitution at amino acid
position 294, an isoleucine to serine substitution at amino
acid position 296, and a proline to leucine substitution at
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amino acid position 298. In some embodiments, the micro-
organism host cell 1s a bacterium. In other embodiments, the
microorganism host cell 1s E. coli.

In some embodiments, the present imnvention provides a
microorganism comprising a mutant metA allele, wherein
the mutant metA allele comprises a nucleic acid sequence
encoding more than one amino acid substitution 1n MetA. In
some embodiments, the mutant metA allele comprises a
nucleic acid sequence encoding an 1soleucine to serine
substitution at amino acid position 296 1n MetA and a
proline to leucine substitution at amino acid position 298 in
MetA. In some embodiments, the microorganism host cell 1s
a bacterium. In other embodiments, the microorganism host
cell 1s E. coli.

In some embodiments, the present imnvention provides a
microorganism, wherein the microorganism comprises a
mutant metA allele, wherein the mutant metA allele com-

prises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:23, SEQ ID NO:24, SEQ ID

NO:25, and SEQ ID NO:26. In some embodiments, the
microorganism host cell 1s a bactertum. In other embodi-
ments, the microorganism host cell 1s E. coli.

The present invention provides a microorganism (e.g., a
microorganism host cell), wherein the microorganism pro-
duces methionine to a degree or extent suilicient to prevent
or reduce norleucine misincorporation into proteins or poly-
peptides expressed by the microorganism. In some embodi-
ments, the present mvention provides a microorganism,
wherein the microorganism 1s a microorganism de-repressed
for methionine production. In some aspects, the microor-
ganism de-repressed for methionine production results from
a partial loss-of-function of S-adenosylmethionine synthase.
In other embodiments, the present mmvention provides a
microorganism comprising a mutant metK allele. In some
embodiments, the present invention provides a microorgan-
ism comprising a mutant metK allele, wherein the mutant
metK allele comprises a nucleic acid sequence encoding an
amino acid substitution 1n MetK comprising a valine to
glutamic acid substitution at amino acid position 185. In
other embodiments, the present invention provides a micro-
organism comprising a mutant metK allele, wheremn the
mutant metK allele comprises a nucleic acid sequence
comprising a deletion of the cytosine base at nucleic acid
residue position 1132 1n the metK allele. In some embodi-
ments, the microorganism host cell 1s a bacterium. In other
embodiments, the microorganism host cell 1s £. coli.

In some embodiments, the present invention provides a
microorganism, wherein the microorganism comprises a
mutant metK allele, wherein the mutant metK allele com-
prises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:27 and SEQ ID NO:28. In some
embodiments, the microorganism host cell 1s a bacterium. In
other embodiments, the microorganism host cell 1s E. coli.

The present invention also provides microorganism host
cells comprising various combinations of mutant metA
alleles and a mutant metK alleles. In some embodiments, the
present invention provides a microorganism comprising a
mutant metA allele and a mutant metK allele, wherein the
mutant metA allele comprises a nucleic acid sequence
encoding an amino acid substitution 1n MetA comprising a
tyrosine to cysteine substitution at amino acid position 294,
and wherein the mutant metK allele comprises a nucleic acid
sequence encoding an amino acid substitution 1 MetK
comprising a valine to glutamic acid substitution at amino
acid position 185. In other embodiments, the present inven-
tion provides a microorganism comprising a mutant metA
allele and a mutant metK allele, wherein the mutant metA




US 10,179,925 B2

7

allele comprises a nucleic acid sequence encoding an amino
acid substitution 1n MetA comprising a tyrosine to cysteine
substitution at amino acid position 294, and wherein the
mutant metK allele comprises a deletion of the nucleic acid
cytosine at nucleic acid residue 1132 of the metK allele. In
some embodiments, the present invention provides a micro-
organism, wherein the microorganism comprises a mutant
metA allele and a mutant metK allele, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ ID
NO:24, and wherein the mutant metK allele comprises the
nucleic acid sequence of SEQ ID NO:27. In other embodi-
ments, the present invention provides a microorganism,
wherein the microorganism comprises a mutant metA allele
and a mutant metK allele, wherein the mutant metA allele
comprises the nucleic acid sequence of SEQ ID NO:24, and
wherein the mutant metK allele comprises the nucleic acid
sequence ol SEQ ID NO:28. In some embodiments, the
microorganism host cell 1s a bactertum. In other embodi-
ments, the microorganism host cell 1s £. coli.

The present invention also provides 1solated nucleic acid
molecules for use in the present methods. In some aspects,
the present mvention provides isolated metA nucleic acid
molecules (1.e., 1solated nucleic acid molecules encoding
MetA). In some embodiments, the present mvention pro-
vides an 1solated metA nucleic acid molecule, wherein the
metA nucleic acid molecule comprises a nucleic acid
sequence encoding an amino acid substitution i MetA
selected from the group consisting of an arginine to cysteine
substitution 1 at amino acid position 27, a glutamine to
glutamic acid substitution at amino acid position 64, a
tyrosine to cysteine substitution at amino acid position 294,
an 1soleucine to serine substitution at amino acid position
296, and a proline to leucine substitution at amino acid
position 298. In other embodiments, an 1solated metA
nucleic acid molecule provided by the present invention
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, and SEQ ID NO:26. The use of these 1solated metA
nucleic acid molecules and sequences thereof for the pro-
duction of microorganisms for use 1n preventing or reducing
norleucine misincorporation in proteins or polypeptides 1s
specifically provided herein by the present invention.

The present invention also provides 1solated metK nucleic
acid molecules (1.e., 1solated nucleic acid molecules encod-
ing MetK). In some embodiments, the present immvention
provides a metK nucleic acid molecule, wherein the metK
nucleic acid molecule comprises a nucleic acid sequence
encoding an amino acid substitution 1n MetK comprising a
valine to glutamic acid substitution at amino acid position
183. In other embodiments, the present invention provides a
metK nucleic acid molecule, wherein the metK nucleic acid
molecule comprises a deletion of the nucleic acid cytosine at
nucleic acid residue 1132 of the metK allele. In other
embodiments, a metK nucleic acid molecule provided by the
present invention comprises a nucleic acid sequence selected
from the group consisting of SEQ ID NO:27 and SEQ ID
NO:28. The use of these 1solated metK nucleic acid mol-
ecules and sequences thereof for the production of micro-
organisms for use 1n preventing or reducing norleucine
misincorporation 1n proteins or polypeptides 1s specifically
provided herein by the present mnvention.

The present invention provides a microorganism CoOmpris-
ing a nucleic acid comprising a mutant metA allele, wherein
the microorganism further comprises nucleic acid encoding,
an ant1-VEGF antibody or an anti-VEGF antibody fragment.
In some embodiments, the present mvention provides a
microorganism comprising a nucleic acid comprising a
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mutant metA allele, wherein the microorganism further
comprises a nucleic acid encoding the amino acid sequence
of SEQ ID NO: 46 and a nucleic acid encoding the amino
acid sequence of SEQ ID NO: 47. In some embodiments, the
nucleic acid encoding the amino acid sequence of SEQ 1D
NO:46 1s the nucleic acid sequence of SEQ ID NO:33. In
some embodiments, the nucleic acid sequence encoding the
amino acid sequence of SEQ 1D NO:47 1s the nucleic acid
sequence of SEQ ID NO:34. In some embodiments, the
present invention provides a microorganism comprising a
nucleic acid comprising a mutant metA allele, wherein the
microorganism further comprises a nucleic acid having the
nucleic acid sequence corresponding to SEQ ID NO:33 an
a nucleic acid having the nucleic acid sequence correspond-
ing to SEQ ID NO:34. In some embodiments, the mutant
metA allele comprises a nucleic acid sequence selected from
the group consisting of SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:235, and SEQ ID NO:26. In some aspects, the
microorganism 1s a bacteria, e.g., E. coll.

The present invention provides a microorganisin COmpris-
ing a nucleic acid comprising a mutant metK allele, wherein
the microorganism further comprises nucleic acid encoding,
an ant1-VEGF antibody or an anti-VEGF antibody fragment.
In some embodiments, the present ivention provides a
microorganism comprising a nucleic acid comprising a
mutant metK allele, wherein the microorganism further
comprises a nucleic acid encoding the amino acid sequence
of SEQ ID NO: 46 and a nucleic acid encoding the amino
acid sequence of SEQ ID NO: 47. In some embodiments, the
nucleic acid encoding the amino acid sequence of SEQ 1D
NO:46 1s the nucleic acid sequence of SEQ ID NO:33. In
some embodiments, the nucleic acid sequence encoding the
amino acid sequence of SEQ 1D NO:47 1s the nucleic acid
sequence of SEQ ID NO:34. In some embodiments, the
present invention provides a microorganism comprising a
nucleic acid comprising a mutant metK allele, wherein the
microorganism further comprises a nucleic acid having the
nucleic acid sequence corresponding to SEQ 1D NO:33 an
a nucleic acid having the nucleic acid sequence correspond-
ing to SEQ ID NO:34. In some embodiments, the mutant
metK allele comprises a nucleic acid sequence selected from
the group consisting of SEQ ID NO:27 and SEQ ID NO:28.
In some aspects, the microorganism 1s a bactenia, e.g., F.
coli.

The present invention provides a microorganisin CoOmpris-
ing a nucleic acid comprising a mutant metA allele and a
mutant metK allele, wherein the microorganism further
comprises nucleic acid encoding an anti-VEGF antibody or
an ant1-VEGF antibody fragment. In some embodiments, the
present invention provides a microorganism comprising a
nucleic acid comprising a mutant metA allele and a mutant
metK allele, wherein the microorganmism further comprises a
nucleic acid encoding the amino acid sequence of SEQ 1D
NO: 46 and a nucleic acid encoding the amino acid sequence
of SEQ ID NO: 47. In some embodiments, the nucleic acid
encoding the amino acid sequence of SEQ ID NO:46 1s the
nucleic acid sequence of SEQ ID NO:33. In some embodi-
ments, the nucleic acid sequence encoding the amino acid
sequence of SEQ ID NO:47 1s the nucleic acid sequence of
SEQ 1D NO:34. In some embodiments, the present invention
provides a microorganism comprising a nucleic acid com-
prising a mutant metA allele and a mutant metK allele,
wherein the microorganism further comprises a nucleic acid
having the nucleic acid sequence corresponding to SEQ 1D
NO:33 and a nucleic acid having the nucleic acid sequence
corresponding to SEQ ID NO:34. In some embodiments, the
mutant metA allele comprises a nucleic acid sequence
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selected from the group consisting of SEQ ID NO:23, SEQ
ID NO:24, SEQ ID NO:235, and SEQ ID NO:26, and the
mutant metK allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28. In some aspects, the microorganism 1s a
bacteria, e.g., E. coli.

The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metA allele, wherein
the microorganism further comprises nucleic acid encoding,
an anti-Factor D antibody or an anti-Factor D antibody
fragment. In some embodiments, the present invention pro-
vides a microorganism comprising a nucleic acid comprising,
a mutant metA allele, wherein the microorganmism further
comprises a nucleic acid encoding the amino acid sequence
of SEQ ID NO: 48 and a nucleic acid encoding the amino
acid sequence of SEQ ID NO: 49. In some embodiments, the
mutant metA allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:23, SEQ
ID NO:24, SEQ ID NO:25, and SEQ ID NO:26. In some
aspects, the microorganism 1s a bactena, e.g., E. coli.

The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metK allele, wherein
the microorganism further comprises nucleic acid encoding,
an anti-Factor D antibody or an anti-Factor D antibody
fragment. In some embodiments, the present invention pro-
vides a microorganism comprising a nucleic acid comprising,
a mutant metK allele, wherein the microorganism further
comprises a nucleic acid encoding the amino acid sequence
of SEQ ID NO: 48 and a nucleic acid encoding the amino
acid sequence of SEQ ID NO: 49. In some embodiments, the
mutant metK allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28. In some aspects, the microorganism 1s a
bacteria, e.g., E. coli.

The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metA allele and a
mutant metK allele, wherein the microorgamism further
comprises nucleic acid encoding an anti-Factor D antibody
or an anti-Factor D antibody fragment. In some embodi-
ments, the present invention provides a microorganism
comprising a nucleic acid comprising a mutant metA allele
and a mutant metK allele, wherein the microorganism fur-
ther comprises a nucleic acid encoding the amino acid
sequence of SEQ ID NO: 48 and a nucleic acid encoding the
amino acid sequence of SEQ ID NO: 49. In some embodi-
ments, the mutant metA allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, and SEQ ID
NO:26, and the mutant metK allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:27 and SEQ ID NO:28. In some aspects, the microor-
ganism 1s a bacteria, e.g., E. coli.

The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metA allele, wherein
the microorganism further comprises nucleic acid encoding,
an anti-MET antibody or an anti-MET antibody fragment. In
some embodiments, the present invention provides a micro-
organism comprising a nucleic acid comprising a mutant
metA allele, wherein the microorganism further comprises a
nucleic acid encoding the amino acid sequence of SEQ 1D
NO: 50, a nucleic acid encoding the amino acid sequence of
SEQ ID NO: 31, and a nucleic acid encoding the amino acid
sequence ol SEQ ID NO:32. In some embodiments, the

mutant metA allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:23, SEQ
ID NO:24, SEQ ID NO:25, and SEQ ID NO:26. In some

aspects, the microorganism 1s a bactena, e.g., E. coli.
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The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metK allele, wherein
the microorganism further comprises nucleic acid encoding
an anti-MET antibody or an anti-MET antibody fragment. In
some embodiments, the present invention provides a micro-
organism comprising a nucleic acid comprising a mutant
metK allele, wherein the microorganmism further comprises a
nucleic acid encoding the amino acid sequence of SEQ 1D
NO: 50, a nucleic acid encoding the amino acid sequence of
SEQ ID NO: 31, and a nucleic acid encoding the amino acid
sequence of SEQ ID NO:32. In some embodiments, the
mutant metK allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28. In some aspects, the microorganism 1s a
bactena, e.g., £. coll.

The present invention provides a microorganism COmpris-
ing a nucleic acid comprising a mutant metA allele and a
mutant metK allele, wherein the microorganism further
comprises nucleic acid encoding an anti-MET antibody or
an anti-MET antibody fragment. In some embodiments, the
present invention provides a microorganism comprising a
nucleic acid comprising a mutant metA allele and a mutant
metK allele, wherein the microorganmism further comprises a
nucleic acid encoding the amino acid sequence of SEQ ID
NO: 50, a nucleic acid encoding the amino acid sequence of
SEQ ID NO: 51, and a nucleic acid encoding the amino acid
sequence of S_JQ ID NO:52. In some embodiments, the
mutant metA allele comprises a nucleic acid sequence
selected from the group consisting of SEQ 1D NO:23, SEQ
ID NO:24, SEQ ID NO:235, and SEQ ID NO:26, and the
mutant metK allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28. In some aspects, the microorganism 1s a
bactena, e.g., E. coli.

The present mvention further provides a method for
producing in a bacteria host cell a protein or a polypeptide
free of norleucine misincorporation, the method comprising
expressing 1n the bacteria host cell a nucleic acid encoding
the protein or the polypeptide, wherein the bacteria host cell
comprises a mutant metA allele, a mutant metK allele, or a
mutant metA allele and a mutant metK allele, thereby
producing a protein or polypeptide free of norleucine mis-
incorporation. In some embodiments, the mutant metA allele

comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:23, SEQ ID NO:24, SEQ ID

NO:25, and SEQ ID NO:26, and the mutant metK allele
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:27 and SEQ ID NO:28.

The present invention also provides a method for produc-
ing an antibody or an antibody fragment 1n a bacteria host
cell, wherein the antibody or the antibody fragment 1s free
of norleucine misincorporation, the method comprising
expressing 1n the bacteria host cell a nucleic acid encoding
the antibody or the antibody fragment, wherein the bacteria
host cell comprises a mutant metA allele, a mutant metK
allele, or a mutant metA allele and a mutant metK allele,
thereby producing an antibody or an antibody fragment free
ol norleucine misincorporation. In some aspects, the method
for producing an antibody or an antibody fragment in a
bacteria host cell free of norleucine misincorporation
according to the present invention comprises expressing in
the bacteria host cell a nucleic acid encoding an antibody
heavy chain polypeptide and a nucleic acid encoding an
antibody light chain polypeptide. In some aspects, the anti-
body heavy chain polypeptide 1s an antibody Fab fragment
heavy chain polypeptide, and the antibody light chain poly-
peptide 1s an antibody Fab fragment light chain polypeptide.
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In some embodiments, the mutant metA allele comprises a
nucleic acid sequence selected from the group consisting of
SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, and SEQ
ID NO:26, and the mutant metK allele comprises a nucleic
acid sequence selected from the group consisting of SEQ ID
NO:27 and SEQ ID NO:28.

In some embodiments, the present invention provides a
method for producing an anti-VEGF antibody or an anti-
VEGF antibody fragment in a bacterial host cell, wherein the
ant1-VEGF antibody or the anti-VEGF antibody fragment 1s
free of norleucine misincorporation, the method comprising
expressing 1n the bacteria host cell a nucleic acid encoding
the anti-VEGF antibody or the anti-VEGF antibody frag-
ment, wherein the bacteria host cell comprises a mutant
metA allele, a mutant metK allele, or a mutant metA allele
and a mutant metK allele, thereby producing an anti-VEGF
antibody or an anti-VEGF antibody fragment free of nor-
leucine misincorporation. In some embodiments, the method
comprises expressing in the bacteria host cell a nucleic acid
encoding an anti-VEGF antibody heavy chain polypeptide
or an ant1-VEGF antibody fragment heavy chain polypeptide
or fragment thereof and a nucleic acid encoding an anti-
VEGF antibody light chain polypeptide or an anti-VEGF
antibody fragment light chain polypeptide or fragment
thereol. In some aspects, the anti-VEGF antibody heavy
chain and the anti-VEGF antibody light chain are full-length
heavy chain and light chain anti-VEGF antibody polypep-
tides. In other aspects, the anti-VEGF antibody heavy chain
1s an antibody Fab fragment heavy chain polypeptide, and
the anti-VEGF antibody light chain 1s an antibody Fab
fragment light chain polypeptide. In some embodiments, the
ant1-VEGF antibody heavy chain comprises the amino acid
sequence ol SEQ ID NO:47 and the anti-VEGF antibody
light chain comprises the amino acid sequence of SEQ ID
NO:46. In some embodiments, the nucleic acid encoding the
amino acid sequence of SEQ 1D NO:47 1s the nucleic acid
sequence ol SEQ ID NO:34. In some embodiments, the
nucleic acid sequence encoding the amino acid sequence of
SEQ ID NO:46 1s the nucleic acid sequence of SEQ ID
NO:33. In some embodiments, the mutant metA allele
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, and SEQ ID NO:26. In some embodiments, the
mutant metK allele comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28.

The invention further provides an anti-VEGF antibody or
ant1-VEGF antibody fragment produced by any of the meth-
ods described herein, wherein the anti-VEGF antibody or
anti-VEGF antibody fragment 1s free of norleucine misin-
corporation.

In some embodiments, the present invention provides a
method for producing an anti-Factor D antibody or an
anti-Factor D antibody fragment in a bactenial host cell,
wherein the anfti-Factor D antibody or the anti-Factor D
antibody fragment i1s free of norleucine misincorporation,
the method comprising expressing in the bacteria host cell a
nucleic acid encoding the anti-Factor D antibody or the
anti-Factor D antibody fragment, wherein the bacteria host
cell comprises a mutant metA allele, a mutant metK allele,
or a mutant metA allele and a mutant metK allele, thereby
producing an anti-Factor D antibody or an anti-Factor D
antibody fragment free of norleucine misincorporation. In
some embodiments, the method comprises expressing in the
bacteria host cell a nucleic acid encoding an anti-Factor D
antibody heavy chain polypeptide or an anti-Factor antibody
fragment heavy chain polypeptide or fragment thereof and a
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nucleic acid encoding an anti-Factor D antibody light chain
polypeptide or an anti-Factor D antibody fragment light
chain polypeptide or fragment thereof. In some aspects, the
anti-Factor D antibody heavy chain and the anti-Factor D
antibody light chain are full-length heavy chain and light
chain anti-Factor D antibody polypeptides. In other aspects,
the anti-Factor D antibody heavy chain 1s an antibody Fab
fragment heavy chain polypeptide, and the anti-Factor D
antibody light chain 1s an antibody Fab fragment light chain
polypeptide. In some embodiments, the anti-Factor D anti-
body heavy chain comprises the amino acid sequence of
SEQ ID NO:49 and the anti-Factor D antibody light chain
comprises the amino acid sequence of SEQ ID NO:48. In
some embodiments, the mutant metA allele comprises a
nucleic acid sequence selected from the group consisting of
SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, and SEQ
ID NO:26. In some embodiments, the mutant metK allele
comprises a nucleic acid sequence selected from the group
consisting of SEQ ID NO:27 and SEQ ID NO:28.

The invention further provides an anti-Factor D antibody
or anti-Factor D antibody fragment produced by any of the
methods described herein, wherein the anti-Factor D anti-
body or anti-Factor D antibody fragment 1s free of norleu-
cine misincorporation.

In some embodiments, the present invention provides a
method for producing an anti-MET antibody or an anti-MET
antibody fragment in a bacterial host cell, wherein the
anti-MET antibody or the anti-MET antibody fragment is
free of norleucine misincorporation, the method comprising
expressing in the bacteria host cell a nucleic acid encoding
the anti-MET antibody or the anti-MFET antibody fragment,
wherein the bacteria host cell comprises a mutant metA
allele, a mutant metK allele, or a mutant metA allele and a
mutant metK allele, thereby producing an anti-MET anti-
body or an anti-MET antibody fragment free of norleucine
misincorporation. In some embodiments, the method com-
prises expressing in the bacteria host cell a nucleic acid
encoding an anti-MET antibody heavy chain polypeptide or
an anti-MET antibody fragment heavy chain polypeptide or
fragment thereot and a nucleic acid encoding an anti-MET
antibody light chain polypeptide or an anti-MET antibody
fragment light chain polypeptide or fragment thereof. In
some aspects, the anti-MET antibody heavy chain and the
anti-MET antibody light chain are tull-length heavy chain
and light chain anti-MET antibody polypeptides. In other
aspects, the anti-MET antibody heavy chain 1s an antibody
Fab fragment heavy chain polypeptide, and the anti-MET
antibody light chain 1s an antibody Fab fragment light chain
polypeptide. In some embodiments, the anti-MET antibody
heavy chain comprises the amino acid sequence of SEQ ID
NO:31, the anti-MET antibody heavy chain fragment com-
prises the amino acid sequence of SEQ ID NO:52, and the
anti-MET antibody light chain comprises the amino acid
sequence of SEQ ID NO:350. In some embodiments, the

mutant metA allele comprises a nucleic acid sequence
selected from the group consisting of SEQ 1D NO:23, SEQ

ID NO:24, SEQ ID NO:25, and SEQ ID NO:26. In some
embodiments, the mutant metK allele comprises a nucleic
acid sequence selected from the group consisting of SEQ ID
NO:27 and SEQ ID NO:28.

The mvention further provides an anti-MET antibody or
anti-MET antibody fragment produced by any of the meth-
ods described herein, wherein the anti-MET antibody or
anti-MET antibody fragment 1s free of norleucine misincor-
poration.

In various aspects, a mutant microorganism comprising,
any one or more of the nucleic acid sequences provided by
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the present invention 1s bacteria; in other aspects, the micro-
organism 1s F. coli. The present invention specifically pro-

vides for the use of a mutant microorganism described
herein for the production of heterologous (e.g., recombinant)
polypeptides and heterologous (e.g., recombinant) proteins,
wherein the misincorporation of norleucine into the heter-
ologous polypeptides and heterologous proteins 1s reduced,
substantially reduced, substantially eliminated, or pre-
vented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the nucleic acid sequence of metA(R27C)
corresponding to SEQ 1D NO:23.

FIG. 2 shows the nucleic acid sequence of metA(Y294C)
corresponding to SEQ 1D NO:24.

FIG. 3 shows the nucleic acid sequence of metA(I12965/
P298L) corresponding to SEQ ID NO:23.

FIG. 4 shows the nucleic acid sequence of metA(Q64E)
corresponding to SEQ ID NO:26.

FIG. 5 shows the nucleic acid sequence of metK(V183E)
corresponding to SEQ ID NO:27.

FIG. 6 shows the nucleic acid sequence of metK
(c1132del) corresponding to SEQ ID NO:28.

FIGS. 7A and 7B show the amino acid sequence and
nucleic acid sequence of wild-type MetA corresponding to
SEQ ID NO:29 and SEQ ID NO:31, respectively.

FIGS. 8A and 8B show the amino acid sequence and
nucleic acid sequence of wild-type MetK corresponding to
SEQ ID NO:30 and SEQ ID NO:32, respectively.

FIG. 9 shows the structure of norleucine and norleucine
analogues. Norleucine 1s a structural analogue of methio-
nine, where the sultur (S) atom 1s replaced by a methylene
group (1.e., —CH,).

FI1G. 10 shows a schematic of the norleucine biosynthetic
pathway 1n F£. coli. Dotted arrows indicate that multiple
steps are involved. Pyruvate 1s converted to a-ketocaproate
by three passes through the keto acid chain elongation
process catalyzed by enzymes encoded by the leucine
operon leuABCD. The intermediate a-ketocaproate 1s
transaminated to norleucine by transaminases IIvE or TyrB.

FIG. 11 shows methionine biosynthesis and regulation in
E. coli. Dotted arrows 1ndicate feedback 1inhibition and open
arrows 1ndicate repression. Methionine and S-adenosylme-
thionine (SAM) are feedback inhlibitors of the enzyme
MetA. The repressor Metl and 1ts co-repressor SAM 1nhibit
the transcription of enzymes in the methionine regulon.

FIGS. 12A, 12B, and 12C set forth growth trends, as
measured by OD.., (FIG. 12A) and 10D, (FIG.12B) of 10
L E. coli fermentations. The control host (60E4) fermenta-
tion was executed with a continuous methionine () or
continuous water feed ([1) (FIG. 12A). The 60E4 metA
(Y294C) host fermentation was performed with continuous
water feed (A) or no feed (A) (FIG. 12A). FIG. 12C shows
growth trends for control host 60E4 with no feed (squares),
for control host 60E4 with methionine feed (circles), and
host 60E4 metA(Y294C) with no feed (triangles). Fermen-
tations using all other mutants were performed with con-
tinuous water feed.

FIGS. 13A and 13B show extracellular (FIG. 13A) and
intracellular (FIG. 13B) methionine levels for the control
host ([ 1) and 60E4 metA(Y294C) (A) host cell fermentations
performed with continuous water feed. Phosphate levels in

the extracellular medium are also shown 1n dotted line plots
(FIG. 13A) and (FIG. 13B) for control host cell ([]) and
60E4 metA host cell (Y294C) (A) fermentations performed

with continuous water teed.
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FIGS. 14A and 14B show extracellular (FIG. 14A) and
intracellular (FIG. 14B) methionine levels for mutant host

cell strains of the present invention. Extracellular and 1ntra-
cellular methionine levels are also shown for two control
host cell fermentations performed with continuous methio-
nine (M) or continuous water feed ([ 1), respectively.

FIG. 15 shows extracellular phosphate levels during fer-
mentations.

FIGS. 16A and 16B show end of run titer (FIG. 16 A) and
time course titer (FIG. 16B) of E. coli host cell fermenta-
tions. The control host cell (60E4) fermentation was per-
formed with a continuous methionine (M) or continuous
water feed ([ ). The 60E4 metA host cell (Y294C) fermen-
tation was performed with a continuous water feed (A) or no
feed (A). Fermentations using all other mutant host cells
were performed with continuous water feed.

FIGS. 17A and 17B set forth results of western blots

performed on whole cell broth samples obtained during the
60E4 host cell (control host cell) and the 60E4 metA host
cell (Y294C) fermentations, respectively.

FIGS. 18A and 18B show the nucleic acid sequences of an
anti-vascular endothehal growth factor (anti-VEGEF) anti-

body Fab fragment light chain and heavy chain correspond-
ing to SEQ ID NO:33 and SEQ ID NO:34, respectively.

FIGS. 19A and 19B set forth growth trends of 10 L E. coli
fermentations, as measured by OD..,. The control hosts
(66F8 or 64B4) fermentation processes AF2 or AF3, respec-
tively, were executed with no feed (squares) or a continuous
methionine feed (circles). The 66F8 metA(Y294C) and the
64B4 metA(Y294C) host fermentations were performed
with no feed (triangles).

FIGS. 20A, 20B, and 20C set forth recombinant protein
product yields using host strains 60E4 (control host) and
60E4 metA(Y294C), 66F8 (control host) and 66F8 metA
(Y294C), and 64B4 (control host) and 64B4 metA(Y294C),
respectively.

FIGS. 21A and 21B show the amino acid sequences of an
anti-vascular endothehal growth factor (anti-VEGF) anti-
body Fab fragment light chain and heavy chain correspond-
ing to SEQ ID NO:46 and SEQ ID NO:47, respectively.

FIGS. 22A and 22B show the amino acid sequences of an
anti-Factor D antibody Fab fragment light chain and heavy
chain corresponding to SEQ ID NO:48 and SEQ ID NO:49,
respectively.

FIGS. 23 A, 23B, and 23C show the amino acid sequences
of an anti-MET antibody light chain (SEQ ID NO:50), heavy
chain (SEQ ID NO:51), and heavy chain fragment (SEQ ID
NO:52).

(Ll

DETAILED DESCRIPTION OF TH.
INVENTION

The present mvention provides, inter alia, methods and
compositions for preventing misincorporation of norleucine
into proteins and polypeptides, 1n particular during recom-
binant protein production in microorganisms. The present
invention also provides microorganism host cells and
nucleic acid molecules for use in the methods of the inven-
tion.

General Methods

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of cell biology,
cell culture, molecular biology (including recombinant tech-
niques), microbiology, biochemistry, and 1mmunology,
which are known and available to one of skill in the art. Such
techniques are described 1n the literature, such as, Molecular
Cloning: A laboratory Manual, third edition (Sambrook et
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al., 2001) Cold Spring Harbor Press; Oligonucleotide Syn-
thesis (P. Herdew1in, ed., 2004); Animal Cell Culture (R. 1.

Freshney, ed., 1987); Methods in Enzymology (Academic
Press, Inc.); Current Protocols in Molecular Biology (F. M.
Ausubel et al., eds., 1987); PCR: The Polymerase Chain

Reaction (Mullis et al., eds., 1994); Current Protocols in
Immunology (J. E. Coligan et al., eds., 1991); and Short
Protocols in Molecular Biology (Wiley and Sons, 1999).

Expression of antibody fragments and polypeptides 1n bac-
teria are described 1n, e.g., U.S. Pat. Nos. 5,648,237, 35,789,
199, and 5,840,523, (See also Charlton, Methods in Molecu-
lar Biology, Vol. 248 (B. K. C. Lo, ed., Humana Press,
Totowa, N.I., 2003), pp. 245-254, describing expression of
antibody fragments i £. coli)

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as 1s commonly
understood by one of ordinary skill 1in the art to which the
invention belongs.

Definitions

The terms “heterologous protein” or “heterologous poly-
peptide” refer to a protein or a polypeptide not naturally
synthesized or produced by a cell or organism (e.g., a
microorganism) of interest. For example, an £. coli cell may
produce a human protein or a human polypeptide, and a
human protein or a human polypeptide so produced 1s a
heterologous protein or a heterologous polypeptide. Of
particular 1nterest in the context of the present invention are
those heterologous proteins or heterologous polypeptides
comprising methionine. A heterologous protein or a heter-
ologous polypeptide as used herein also refers to a recom-
binant protein or a recombinant polypeptide.

The term “norleucine misincorporation” refers to the
incorporation of a norleucine residue 1 a protein or poly-
peptide for which a methionine residue 1s encoded by the
corresponding nucleic acid encoding the protein or polypep-
tide.

The terms “mutant allele” or “mutated allele” refer to an
allele having a nucleic acid sequence which 1s different from
or altered from the nucleic acid sequence of the wild-type
allele (1.e., as naturally found within the cell or microorgan-
1sm of interest).

The terms “mutant microorganism’™ or “mutated micro-
organism” refer to a microorganism which contains one or
more mutant alleles or mutated alleles.

The phrase “substantially reduced” or “substantially dif-
terent,” as used herein, refers to a sufliciently high degree of
difference between two numeric values (generally one asso-
cliated with a molecule and the other associated with a
reference/comparator molecule) such that one of skill 1n the
art would consider the difference between the two values to
be of statistical significance within the context of the bio-
logical characteristic measured by said values (e.g., norleu-
cine content 1n a protein or polypeptide).

An “1solated” nucleic acid refers to a nucleic acid mol-
ecule that has been separated from a component of its natural
environment. An 1solated nucleic acid includes a nucleic
acid molecule contained in cells that ordinanly contain the
nucleic acid molecule, but the nucleic acid molecule 1s
present extra-chromosomally or at a chromosomal location
that 1s different from 1ts natural chromosomal location.

“Isolated metA nucleic acid molecule” or “isolated metK
nucleic acid molecule™ refers to one or more nucleic acid
molecules encoding MetA or MetK, respectively, including,
such nucleic acid molecule(s) 1n a single vector or separate
vectors, and such nucleic acid molecule(s) present at one or
more locations 1n a host cell. “Isolated metA nucleic acid
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molecule” or “1solated metK nucleic acid molecule” also
refers to a mutant metA allele or a mutant metK allele.

The phrase “protein or polypeptide ifree of norleucine
misincorporation’ refers to a protein or polypeptide which
contains no detectable levels of norleucine residues.

As used herein, the singular form of “a”, “an”, and “the”
includes the plural references unless indicated otherwise.

Reference to “about” a value or parameter herein refers to
the usual error range for the respective value readily known
to the skilled person in this technical field. Reference to
“about™ a value or parameter herein includes (and describes)
aspects that are directed to that value or parameter, per se.
For example, description referring to “about X includes
description of “X.”

Methods for Preventing or Reducing Norleucine Misincor-
poration

The present invention relates, i part, to methods and
compositions uselful for preventing or reducing norleucine
misincorporation into proteins and polypeptides, 1n particu-
lar during recombinant protein production in microorgan-
1SImS.

Misincorporation of norleucine residues in place of
methionine residues during recombinant protein production
in £. coli has been previously described. One approach
currently used to prevent or reduce norleucine misincorpo-
ration 1s by continuous or bolus feed of methionine to the
culture medium during the fermentation process. Although
this strategy 1s eflective at reducing norleucine misincorpo-
ration, several operational disadvantages are associated with
continuous or bolus feeding or addition of methionine
during the fermentation process. For example, continuous or
bolus feed to the culture increases the operational complex-
ity and the overall cost of the fermentation process. In
addition, methionine feed leads to undesirable dilution of the
fermentation medium resulting 1n lower cell densities and
possibly lower product yields.

To overcome these disadvantages, the present inventors
have provided an alternative to continuous or bolus methio-
nine feed i order to prevent or reduce norleucine misin-
corporation in heterologous protein or polypeptide produc-
tion. In particular, the present 1nvention provides
microorganism (e.g., £. coli) host cells engineered to pro-
duce methionine to a degree or extent suflicient to prevent or
reduce norleucine misincorporation during recombinant pro-
tein production, including recombinant protein production
performed at high host cell densities.

E. coli host cell mutants useful for large-scale methionine

production were reported previously. (See, e.g., Chattopad-
hyay et al., (1991) J Gen Microbiol 137:685-691; Nakamori

et al., (1999) Appl Microbiol Biotechnol 52:179-185; Usuda
and Kurahashi (20035) Appl Environ Microbiol 71:3228-
3234; International Patent Application Publication No.
WO02005/111202 2005; and United States Patent Applica-
tion Publication No. US2009/0298135.) Many of these
mutant £. coli strains contained mutations in three genes
associated with the regulation of methionine biosynthesis:
met, metA, and metK.

Transcriptional regulation of methionine biosynthesis 1n
E. coli involves the enzyme Metl] (met] gene product). Metl
1s a transcriptional repressor which, when bound to 1ts
co-repressor S-adenosylmethionine (SAM), represses the
transcription of genes 1n the methionine regulon, thus regu-
lating the levels of methionine 1n the cell. (See, e.g., Marincs
(2006) et al., Biochem J 396:227-234.) As previously
reported, chemical mutagenesis of E. coli followed by
selection for growth on ethionine (a toxic methionine ana-
logue) led to the 1solation of a serine to asparagine mutation
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at amino acid position 34 (S34N) in Metl, which resulted 1n
de-repression of methionine biosynthetic enzymes and
increased methionine production. (See Nakamon et al.,
(1999) Appl Microbiol Biotechnol 52:179-185.) A complete
disruption of the met] gene also resulted 1n de-repression of
enzymes mvolved in the methionine biosynthetic pathway
and methionine overproduction. (See Usuda and Kurahashi
(2003) Appl Environ Microbiol 71:3228-3234.)

Methionine biosynthesis 1 E. coli 1s also regulated by
teedback inhibition (by methionine and SAM) of homoser-
ine succinyltransierase (metA gene product), the enzyme
involved 1n the first step of methionine biosynthesis. (See,
¢.g., Born and Blanchard (1999) Biochemistry 38:14416-
14423.) Feedback resistant MetA (metA gene product)
mutants 1 . coli leading to deregulation of methionine
biosynthesis were 1solated previously by selecting for
growth on the toxic methionine analogue a-methyl methio-
nine. (See Usuda and Kurahashi (2003) Appl Environ
Microbiol 71:3228-3234; and International Patent Applica-
tion Publication No. WO2005/111202.)

The metK gene encodes for the enzyme S-adenosylme-

thionine synthase, which converts methionine to S-adeno-
sylmethionine. (See Markham et al., (1980) J Biol Chem

2535:9082-9092.) Partial loss-of-function MetK mutants
resulting in low levels of SAM and hence de-repression of
methionine biosynthetic enzymes (SAM 1s a co-repressor for
Metl) were previously i1solated by selecting for growth on
toxic methionine analogues, norleucine, and ethionine. (See
Chattopadhyay et al., (1991) Gen Microbiol 137:685-691;
Usuda and Kurahashi (2003) Appl Environ Microbiol
71:3228-3234; and International Patent Application Publi-
cation No. WO2005/111202.)

In the present invention, specific nucleic acid residues in
the wild-type metA gene were mutated, resulting in the
following amino acid substitutions 1n MetA (see FIG. 7A
and SEQ ID NO:29 for wild-type MetA amino acid
sequence): arginine to cysteine substitution at amino acid
position 27 (R27C); glutamine to glutamic acid substitution
at amino acid position 64 (Q64E); tyrosine to cysteine
substitution at amino acid position 294 (Y294C); 1soleucine
to serine substitution at amino acid position 296 (1296S);
and proline to leucine substitution at amino acid position
298 (P298L). E. coli host cells comprising one or more of
these MetA amino acid substitutions produced methionine to
a degree or extent suflicient to result in prevention of
norleucine misincorporation in expressed heterologous pro-
teins.

In some embodiments, the present imvention provides
vartous mutant metA alleles encoding the amino acid sub-
stitutions 1 MetA of R27C, Q64E, Y294C, 1296S, and
P298L (compared to the wild-type MetA amino acid
sequence; FIG. 7 and SEQ 1D NO:29). Such mutant metA
alleles resulted 1n feedback resistant MetA enzyme. The
mutant metA alleles were introduced 1nto £. coli host cells
(60E4) using an allele exchange method (see Matenals and
Methods below) to obtain mutant £. coli host cell strain

66H6 (60E4 metA(R27C)), 66H8 (60E4 metA(Y294C)),
67B8 (60E4 metA(Q64E)), and 67B9 (60E4 metA(1296S
P298L)). The resulting mutant £. coli host cells obtained
were evaluated for norleucine misincorporation during
recombinant protein production performed without a con-
tinuous methionine feed. (See Example 4 below.)

All references to amino acid positions in MetA are made

based on the homoserine succinyltransierase encoded by the
metA gene of E. coli shown i FIGS. 7A and 7B, corre-
sponding to SEQ ID NO:29 and SEQ ID NO:31. Reference

to amino acid positions are made with the first amino acid
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methionine counting as amino acid position number 1. The
relative positions of corresponding regions in homoserine
succinyltransferase enzymes from other organisms can be
identified by a person skilled in the art by, for example,
simple sequence alignment.

In the present invention, a nucleic acid 1n the wild-type
metK gene was mutated, resulting 1n the amino acid substi-
tution 1n MetK of valine to glutamic acid at amino acid
position 185 (V185E)). (See FIG. 8A and SEQ 1D NO:30 for
wild-type MetK amino acid sequence.) Additionally, a spe-
cific nucleic acid was deleted at cytosine base position 1132
in the metK gene (c1132del). E. coli host cells comprising
one or more of these mutant metK alleles produced methio-
nine to a degree or extent suflicient to result in prevention of
norleucine misincorporation in expressed heterologous pro-
teins.

In some embodiments, the present invention also provides
vartous mutant metK alleles encoding the amino acid sub-
stitution V183E or a deletion of the cytosine base at position
1132 1n the metK allele (c1132del). Such mutant metK
alleles result 1n partial loss-of-function MetK enzymes. The
mutant metK alleles were introduced into various FE. coli
host cells (66HS8; 60E4 metA(Y294C), see above) using an
allele exchange method (see Materials and Methods below)
to obtain the E. coli host cell strains 67C2 (66H8 metK
(V185E)) and 67C3 (66H8 metK(cl132del)), respectively.
The resulting mutant £. coli host cells obtained were evalu-
ated for norleucine misincorporation during recombinant
protein production performed without a continuous methio-
nine feed. (See Example 4 below.)

All references to amino acid positions 1n MetK are made

based on the S-adenosylmethionine synthase encoded by the
metK gene of E. coli shown 1n FIGS. 8A and 8B, corre-

sponding to SEQ ID NO:30 and SEQ ID NO:32. Reference
to amino acid positions are made with the first amino acid
methionine counting as amino acid position number 1. The
relative positions of corresponding regions n S-adenosyl-
methionine synthase enzymes from other organisms can be
identified by a person skilled in the art by, for example,
simple sequence alignment.

Nucleic Acid Molecules for metA and metK

By way of example, the present invention used isolated
nucleic acid molecules comprising nucleic acid sequences of
metA and metK that differ from nucleic acid sequences of
wild-type metA and metK. The nucleic acid sequences of
metA and metK provided by the present invention encode
vartous amino acid substitutions to that encoded by wild-
type metA (arginine at amino acid position 27 replaced with
cysteine (R27C); glutamine at amino acid position 64
replaced with glutamic acid (Q64E); tyrosine at amino acid
position 294 replaced with cysteine (Y294C); 1soleucine at
amino acid position 296 replaced with serine (1296S5);
proline at amino acid position 298 replaced with leucine
(P298L); and 1soleucine at amino acid position 296 replaced
with serine (1296S) and proline at amino acid position 298
replaced with leucine (P298L)); and to that encoded by
wild-type metK (valine at amino acid position 185 replaced
with glutamic acid (V185E) and nucleic acid sequences
comprising a deletion of the cytosine base at position 1132
(cdel1132del)). The use of any nucleic acid sequence encod-
ing a metA allele or a metK allele which result 1n these
amino acid substitutions 1s specifically contemplated herein
for use 1n the methods of the present mnvention.

The present invention also provides 1solated metA nucleic
acid molecules encoding various altered MetA enzymes
(1.e., encoding various mutant homoserine succinyltrans-
ferase enzymes). In some embodiments, the present inven-
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tion provides an 1solated nucleic acid molecule, wherein the
nucleic acid molecule comprises a nucleic acid sequence

selected from the group consisting of SEQ ID NO:23, SEQ
ID NO:24, SEQ ID NO:25 and SEQ ID NO:26.

The present invention also provides 1solated metK nucleic
acid molecules encoding various altered MetK enzymes
(1.e., encoding various mutant S-adenosylmethionine
enzymes). In some embodiments, the present invention
provides an islolated nucleic acid molecule, wherein the
nucleic acid molecule comprises a nucleic acid sequence
selected from the group consisting of SEQ ID NO:27 and
SEQ ID NO:28.

The present invention also provides, by way of example,
vartous combinations of mutant metA alleles and corre-
sponding 1solated nucleic acid molecules comprising nucleic
acid sequences encoding the following amino acid substi-
tutions 1 MetA: arginine at amino acid position 277 substi-
tuted with cysteine (R27C); glutamine at amino acid posi-
tion 64 substituted with glutamic acid (Q64E); tyrosine at
amino acid position 294 substituted with cysteine (Y294C);
1soleucine at amino acid position 296 substituted with serine
(I1296S); proline at amino acid position 298 replaced with
leucine (P298L); and 1soleucine at amino acid position 296
substituted with serine (1296S) and proline at amino acid
position 298 substituted with leucine (P298L). In some
aspects, the mutant metA alleles provided by the present
invention result in feedback-resistant (1.e., feedback-insen-
sitive) MetA enzymes. Amino acid positions are in reference
to wild-type MetA amino acid sequence as shown 1n FIG.
7A and SEQ ID NO:29.

Also provided by the present invention, by way of
example, are various combinations of mutant metK alleles
and corresponding isolated nucleic acid molecules compris-
ing nucleic acid sequence encoding the following amino
acid substitution 1n MetK: valine at amino acid position 185
substituted with glutamic acid (V185E). The present inven-
tion also provides nucleic acid sequences comprising a
deletion of the cytosine base at position 1132 (c1132del) of
the metK allele. In some aspects, the mutant metK alleles
provided by the present invention result 1n partial loss-oi-
function MetK enzymes. Amino acid positions are in refer-
ence to wild-type MetK amino acid sequences as shown 1n
FIG. 8A and SEQ ID NO:30.

Microorganisms for Use in the Present Methods

As described herein and by way of example, E. coli host
cells were engineered for the bacteria to produce methionine
to a degree or extent suflicient for the prevention or reduc-
tion of norleucine misincorporation during recombinant
protein production, including recombinant protein produc-
tion performed at high host cell densities. Accordingly, in
some embodiments provided herein, the present invention
provides mutant microorganism strains (1.e., mutant micro-
organism host cells) which produce methionine to a degree
or extent suflicient to reduce or prevent norleucine misin-
corporation 1nto proteins or polypeptides (e.g., to a degree or
extent suflicient to reduce or prevent norleucine misincor-
poration 1nto recombinant proteins or recombinant polypep-
tides, or to a degree or extent suflicient to reduce or prevent
norleucine misincorporation into heterologous proteins or
heterologous polypeptides).

Starting £. coli host cells suitable for use 1n the methods
provided herein include, for example, (but are not limited to)
E. coli W3110, E. coli 294, E. coli X1776, etc. These
examples of E. coli host cells are illustrative rather than
limiting. £. coli strain W3110 1s a common host strain for
recombinant DNA product fermentations. Mutant E. coli
host cells of any of the above-mentioned E. coli host cell
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strains may also be employed as the starting host cells that
are then further modified to contain the mutated metA and/or
metK alleles described herein.

The present invention shows that use of E. coli host cells
comprising various mutant alleles and combinations of
mutant alleles for metA and metK 1n recombinant protein
production was etlective at preventing norleucine misincor-
poration 1nto expressed recombinant proteins. (See Example
4 below.)

The present mnvention provides a microorganism, wherein
the microorgamism produces methionine to a degree or
extent suflicient to prevent or reduce norleucine misincor-
poration into proteins or polypeptides. In some aspects, the
present ivention provides a microorganism, wherein the
microorganism 1s a feedback-insensitive homoserine succi-
nyltransierase microorganism. In some embodiments, the
present invention provides a microorganism comprising a
mutant metA allele. In other embodiments, the present
invention provides a microorganism comprising a mutant
metA allele, wherein the mutant metA allele encodes a R27C
amino acid substitution i MetA, a Q64E amino acid sub-
stitution 1n MetA, a Y294C amino acid substitution in MetA,
an [296S amino acid substitution 1n MetA, or a P298L amino
acid substitution in MetA. In some embodiments, the present
invention provides a microorganism comprising a mutant
metA allele encoding more than one amino acid substitution
described above, including, for example, a mutant metA
allele encoding a 1296S amino acid substitution and a P298L
amino acid substitution in MetA. In various aspects, the
microorganism comprising any one or more of the nucleic
acid sequences provided by the present invention 1s bacteria;
in other aspects, the microorganism 1s £. coli. The present
invention specifically provides for the use of microorgan-
isms described herein for production of heterologous (e.g.,
recombinant) polypeptides and heterologous (e.g., recombi-
nant) proteins, wherein misincorporation of norleucine nto
the heterologous polypeptides and heterologous proteins 1s
reduced or prevented.

As described above, the present invention provides micro-
organisms comprising one or more mutant metA alleles. In
some embodiments, the mutant metA alleles encoding a
R27C amino acid substitution 1n MetA, encoding a Q64E
amino acid substitution 1n MetA, encoding a Y294C amino
acid substitution In MetA, or encoding a 1296S amino acid
substitution and a P298L, amino acid substitution in MetA,
are encoded by a nucleic acid sequence comprising SEQ 1D
NO:23 (R27C), SEQ ID NO:26 (Q64E), SEQ ID NO:24
(Y294C), or SEQ ID NO:25 (1296S and P298L), respec-
tively. In other embodiments, the microorgamisms provided
by the present invention comprise mutant metA alleles
encoded by a nucleic acid sequence comprising SEQ ID
NO:23 (R27C), SEQ ID NO:26 (Q64E), SEQ ID NO:24
(Y294C), or SEQ ID NO:25 (1296S and P298L). In various
aspects, a microorganism comprising any one or more of the
nucleic acid sequences provided by the present invention 1s
bactena; in other aspects, the microorganism 1s £. coli. The
present invention specifically provides for the use of micro-
organisms described herein for the production of heterolo-
gous (e.g., recombinant) polypeptides and heterologous
(e.g., recombinant) proteins, wherein the misincorporation
ol norleucine 1nto the heterologous polypeptides and heter-
ologous proteins 1s reduced or prevented.

As stated above, the present invention provides methods
for preventing or reducing norleucine incorporation into
proteins and polypeptides expressed by a microorganism,
wherein the microorganism 1s a microorganism which pro-
duces methionine to a degree or extent suilicient to prevent
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or reduce norleucine misincorporation into proteins or poly-
peptides. In some aspects, the present invention provides a
microorganism, wherein the microorganism 1s a microor-
ganism de-repressed for methionine production. In some
embodiments, the present invention provides a microorgan-
1sm comprising a mutant metK allele. In other embodiments,
the present invention provides a microorganism comprising,
a mutant metK allele, wherein the mutant metK allele
encodes a V183E amino acid substitution in MetK. In some
embodiments, the present invention provides a microorgan-
ism comprising a mutant metK allele, wherein the mutant
metK allele comprises a deletion of the nucleic acid cytosine
at nucleic acid residue 1132 of the metK allele. In various
aspects, a microorganism comprising any one or more of the
nucleic acid sequences provided by the present invention 1s
bacteria; in other aspects, the microorganism 1s £. coli. The
present mvention specifically provides for the use of the
microorganisms described herein for the production of het-
erologous (e.g., recombinant) polypeptides and heterolo-
gous (e.g., recombinant) proteins, wherein the misincorpo-
ration of norleucine 1nto the heterologous polypeptides and
heterologous proteins 1s reduced or prevented.

As described above, the present invention provides micro-
organisms comprising one or more mutant metK alleles. In
some embodiments, the mutant metK alleles encoding a
V185E amino acid substitution in MetK or comprising a
deletion of the nucleic acid cytosine at nucleic acid residue
1132 of the metK allele, are encoded by a nucleic acid
sequence comprising SEQ ID NO:27 (VI83E) or a nucleic
acid sequence comprising SEQ ID NO:28 (c1132del),
respectively. In other embodiments, the microorganisms
provided by the present invention comprise mutant metK
alleles encoded by a nucleic acid sequence comprising SEQ
ID NO:27 (V185E) or SEQ ID NO:28 (c1132del). In various
aspects, the microorganism comprising any one or more of
the nucleic acid sequences provided by the present invention
1s bacteria; 1n other aspects, the microorganism 1s E. coli.
The present mvention specifically provides for the use of
any microorganisms described herein for the production of
heterologous (e.g., recombinant) polypeptides and heterolo-
gous (e.g., recombinant) proteins, wherein misincorporation
ol norleucine into the heterologous polypeptides and heter-
ologous proteins 1s reduced or prevented.

The use of any nucleic acid sequence encoding metA or
metK alleles which result in the amino acid substitutions
described herein are specifically contemplated herein for use
in the methods of the present invention.

In other embodiments, the present ivention provides a
microorganism comprising a mutant metA allele and a
mutant metK allele. In some embodiments, a microorganism
provided by the present invention 1s a microorganism com-
prising a mutant metA allele and a mutant metK allele,
wherein the mutant metA allele encodes a Y294C amino
acid substitution i MetA and the mutant metK allele
encodes a V183E amino acid substitution in MetK. In some
embodiments provided by the present invention, the micro-
organism 1S a microorganism comprising a mutant metA
allele and a mutant metK allele, wherein the mutant metA
allele encodes a Y294C amino acid substitution in MetA and
the mutant metK allele comprises a deletion of the nucleic
acid cytosine at nucleic acid residue 1132 of the metK allele.
In various aspects, a microorganisim comprising any one or
more of the nucleic acid sequences provided by the present
invention 1s bacteria; 1n other aspects, the microorganism 1s
E. coli. The present invention specifically provides for the
use ol any microorganisms described herein for the produc-
tion of heterologous (e.g., recombinant) polypeptides and
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heterologous (e.g., recombinant) proteins, wherein misin-
corporation of norleucine into the heterologous polypeptides
and heterologous proteins 1s reduced or prevented.
Production of Microorganism Strains

The present mnvention provides methods for producing a
microorganism (e.g., £. coli host cells), wherein the micro-
organism produces methionine to a degree or extent suili-
cient to reduce or prevent norleucine misincorporation into
polypeptides and proteins. By way of example, £. coli host
cells comprising mutant metA alleles and/or mutant metK
alleles were generated using allele exchange methods as
known 1n the art and as previously described. (See Metcalt
et al., (1994) Gene 138:1-7; and Bass et al., (1996) ]
Bacteriol 178: 1154-61; see Materials and Methods section
of the instant specification.) The present invention 1s not
limited to the means by which £. coli host cells comprising
mutant metA alleles and mutant metK alleles are produced.
Various methods for introducing mutant alleles or otherwise
producing microorgamism strains (e.g., bacteria, £. coli)
comprising mutant alleles are well-known to one skilled 1n
the art.

Prevention or Reduction of Norleucine Misincorporation

Methods and compositions of the present invention can be
applied to the production of heterologous or recombinant
proteins or polypeptides, and can be used with both large and
small scale protein or polypeptide production. Methods and
compositions of the present invention are particularly useful
for high density fermentation of microorganisms, such as,
for example, E. coli host cells, for the production of recom-
binant proteins and polypeptides. The methods and compo-
sitions provided by the present invention are useful for
recombinant production of proteins and polypeptides, in
particular for recombinant production of proteins and poly-
peptides in which norleucine misincorporation 1s undesir-
able, such as, for example, 1n recombinant proteins and
polypeptides for use 1n various research and therapeutic
applications.

In some embodiments, the present mmvention provides
methods for preventing or reducing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism 1s a feedback-resistant or feed-
back-insensitive homoserine succinyltransierase microor-
ganism. In other embodiments, the present mvention pro-
vides methods for reducing or preventing norleucine
misincorporation in a protein or polypeptide, the method
comprising expressing the protein or polypeptide 1n a micro-
organism, wherein the microorganism 1s a microorganism
de-repressed for methionine production. In some embodi-
ments, the feedback-resistant or feedback-insensitive homo-
serine succinyltransierase microorganism 1s a microorgan-
ism which comprises a mutant metA allele. In some
embodiments, the microorganism de-repressed for methio-
nine production 1s a microorganism which comprises a
mutant metK allele. In other embodiments, the microorgan-
1sm for use in preventing or reducing norleucine misincor-
poration comprises a mutant metA allele and a mutant metK
allele.

In some embodiments, the present mmvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele,
wherein the mutant metA allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:26, and SEQ ID
NO:26. In other embodiments, the present mvention pro-
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vides methods for reducing or preventing norleucine mis-
incorporation in a protein or polypeptide, the method com-
prising expressing the protein or polypeptide 1 a
microorganism, wherein the microorganism comprises a
mutant metA allele, wherein the mutant metA allele com-
prises a nucleic acid sequence encoding MetA, wherein the
nucleic acid sequence encodes an amino acid substitution in
MetA selected from the group consisting of R27C, (Q64FE,
Y294C, 1296S, and P298L. In other embodiments, the
nucleic acid sequence encodes amino acid substitutions in
MetA consisting of both 1296S and P298L. Amino acid
positions are in reference to wild-type MetA amino acid
sequence as shown 1n FIG. 7A and SEQ ID NO:29.

In some embodiments, the present mmvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metK allele,
wherein the mutant metK allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID
NO:27 and SEQ ID NO:28. In some embodiments, the
present invention provides methods for reducing or prevent-
ing norleucine misincorporation 1n a protein or polypeptide,
the method comprising expressing the protein or polypeptide
in a microorganism, wherein the microorganism comprises
a mutant metK allele, wherein the mutant metK allele
comprises a nucleic acid sequence encoding MetK, wherein
the nucleic acid sequence encodes the amino acid substitu-
tion V185E 1n MetK. In other embodiments, the nucleic acid
sequence comprises a deletion of the cytosine base at nucleic
acid residue position 1132 1 metK allele. Amino acid
positions are 1n reference to wild-type MetK amino acid
sequence as shown 1 FIG. 8A and SEQ ID NO:30.

In some embodiments, the present imvention provides
methods for reducing or preventing norleucine misincorpo-
ration in a protein or polypeptide, the method comprising,
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele
and a mutant metK allele, and further wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:24, and the mutant metK allele comprises the nucleic
acid sequence of SEQ ID NO:27. In some embodiments, the
present invention provides methods for reducing or prevent-
ing norleucine misincorporation 1n a protein or polypeptide,
the method comprising expressing the protein or polypeptide
in a microorganism, wherein the microorganism comprises
a mutant metA allele and a mutant metK allele, wherein the
mutant metA allele comprises the nucleic acid sequence of
SEQ ID NO:24, and the mutant metK allele comprises the
nucleic acid sequence of SEQ ID NO:28.

In some embodiments, the present imvention provides
methods for reducing or preventing norleucine misincorpo-
ration 1n a protein or polypeptide, the method comprising,
expressing the protein or polypeptide 1n a microorganism,
wherein the microorganism comprises a mutant metA allele
and a metK allele, wherein the mutant metA allele comprises
a nucleic acid sequence encoding the amino acid substitution
Y294C 1n MetA, and the mutant metK allele comprises a
nucleic acid sequence encoding the amino acid substitution
V185E 1n MetK. In some embodiments, the present inven-
tion provides methods for reducing or preventing norleucine
misincorporation in a protein or polypeptide, the method
comprising expressing the protein or polypeptide 1n a micro-
organism, wherein the microorganism comprises a mutant
metA allele and a metK allele, wherein the mutant metA
allele comprises a nucleic acid sequence encoding the amino
acid substitution Y294C 1in MetA, and the mutant metK
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allele comprises a nucleic acid sequence comprising a
deletion of the cytosine base at nucleic acid residue position
1132 1n metK allele. Amino acid positions are in reference
to wild-type MetA amino acid sequence as shown m FIG.
7A and SEQ 1D NO:29 and 1n reference to wild-type MetK

amino acid sequence as shown in FIG. 8A and SEQ ID
NO:30.

In some aspects of the methods for reducing or preventing,
norleucine misincorporation 1nto a protein or polypeptide by
a microorganism provided herein, the microorganism 1s a
bacteria, i particular an £. coli. In other aspects, the protein
or polypeptide 1s a heterologous protein or a heterologous
polypeptide, or a recombinant protein or a recombinant
polypeptide. For example, the microorganism can comprise
a nucleic acid encoding a protein or polypeptide heterolo-
gous to the microorganism; e.g., the microorganism 1s
transformed with a nucleic acid encoding a protein or
polypeptide heterologous to the microorganism, which can
be, for example, DNA (e.g., cDNA or genomic DNA), as by
use of a recombinant expression vector. In other aspects, the
method further comprises culturing the microorganism
under conditions suitable for expression of the protein or
polypeptide. In some embodiments, the microorganism 1s
grown i a culture medium, wherein the culture medium
contains a low concentration of methionine. The protein or
polypeptide can then be recovered, purified, etc; the recov-
cery may be from, for example, the periplasm or culture
medium of the microorganism. In some aspects, the cultur-
ing takes place 1n a fermentor, such as, for example, cultur-
ing under conditions of high cell-density fermentation.

A heterologous nucleic acid encoding a heterologous
protein or polypeptide 1s suitably inserted into a replicable
vector for expression 1n the microorganmism under the control
ol a suitable promoter. Many vectors are available for this
purpose, and selection of the appropriate vector will depend
on, for example, the size of the nucleic acid to be inserted
into the vector or the particular microorganmism host cell to
be transtormed with the vector. Suitable vectors are well-
known to one of ordinary skill in the art.

The methods and compositions provided by the present
invention are particularly useful for production of recombi-
nant proteins and polypeptides 1n which norleucine misin-
corporation 1s undesirable, such as, for example, in recom-
binant proteins and polypeptides for use i1n various
therapeutic, medical, research, and diagnostic applications.
For example, the methods and compositions of the present
invention are applicable for recombinant production of
therapeutic antibodies, such as, for example, polyclonal and
monoclonal antibodies for medical and pharmaceutical use.
Examples of polyclonal and monoclonal antibodies for
medical and pharmaceutical use include, but are not limited
to, anti-VEGF antibodies, anti-factor D antibodies, anti-
hepatocyte growth factor receptor antibodies (e.g., anti-
MET antibodies), etc.

The methods and compositions of the present invention
are also useful for the production of antibody fragments.
Examples of antibody fragments include but are not limited
to Fv, Fab, Fab', Fab'-SH, F(ab'),; diabodies; linear antibod-
1es; single-chain antibody molecules (e.g., scFv); and mul-
tispecific antibodies formed from antibody fragments. Pro-
duction of recombinant antibodies as provided by the
present methods, compositions, and microorganisms, can be
performed by expression ol a nucleic acid encoding an
antibody heavy chain polypeptide and expression of a
nucleic acid encoding an antibody light chain polypeptide
within a microorganism as described above (e.g., bacterial
host cell, E. coli). In some aspects, the antibody heavy chain
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and the antibody light chain are full-length heavy chain and
light chain antibody polypeptides. In other aspects, the
antibody heavy chain 1s an antibody Fab fragment heavy
chain, and the antibody light chain 1s an antibody Fab
fragment light chain.

The methods and compositions of the present invention
are also useful for the production of multi-specific antibod-
1es, €.g., bispecilic antibodies. Multi-specific antibodies are
antibodies that have binding specificities for at least two
different epitopes. Exemplary multi-specific antibodies may
bind to two diflerent epitopes of the protein, or may bind two
different epitopes of two different proteins. Bispecific anti-
bodies can be prepared as tull-length antibodies or antibody
fragments (e.g., F(ab'), bispecific antibodies). Techniques
for making multi-specific antibodies include, but are not
limited to, recombinant co-expression of two immunoglobus-
lin heavy chain-light chain pairs having different specifici-
ties (see Milstein and Cuello, Nature 305: 337 (1983);
International Application Publication No. WO 93/08829;
Traunecker et al., EMBO J. 10: 3635 (1991)); and “knob-
in-hole” engineering (see, e.g., U.S. Pat. No. 5,731,168).

Additionally, the methods and compositions of the present
invention are usetul for the production of other biomolecules
for therapeutic and research applications, such as, for
example, human growth hormone (somatropin), insulin, etc.

Primer name

Sacl-metAflank-F
Sall-metAflank-R
Sacl-metKflank-F
Sall-metKflank-R
metAflankmid-F
metAflankmid-R
metKflankmid-F
metKflankmid-R
pS1080-P
pS1080-T
QC-metAR27C-F
QC-metAR27C-R
QC-metlAQc4E-F
QC-metAQ64E-R
QC-metAY294C-F

QC-metAY294C-R

QC-metAIZ2965P298L-F
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QC-metAIZ2965P298L-R

QC-metKV18L5E-F

QC-metKkKV18LE-R

QC-metKclll32del-F

QC-metKeclli2del-R

“UInderlined nuclelc acid residues introduce amino acid mutations.
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EXAMPLES

The following are examples of methods and compositions
of the mnvention. It 1s understood that various other embodi-
ments may be practiced, given the general description pro-
vided above.

Matenals and Methods
Bacterial Strains, Plasmids and Growth Conditions

Bacterial strains used in the Examples described herein
are derivatives of the £. coli strain W3110. (See Bachmann
(19°72) Bacteriol Rev 36:525-557.) Antibiotic selection was
maintained for all markers at the following concentrations:
carbenicillin (plasmid or chromosomal), 50 pug/ml; kanamy-
cin (chromosomal), 30 ng/ml; tetracycline (plasmid or chro-
mosomal), 10 pg/ml.

Strain and Plasmid Construction

Oligonucleotides used 1n the construction of plasmids and
bactenial strains (i.e., E. coli) are listed in Table 1 below.
Standard techniques were used for cloming, DNA analysis,
PCR amplification, transformation, electroporation, and Pl
transduction. Chromosomal alleles were moved by P1 trans-
duction. The met]:Kan” allele was derived from the bacterial
strain JW3909-1, which was obtained from The Coli Genetic
Stock Center (CGSC, Yale University). All allele replace-

ments were confirmed by PCR analysis.

TABLE 1

Sequence (5'-3')“
CACACGAGCTCCTCATTTTGCTCATTAACGTTGG SEQ ID NO: 1
CACACGTCGACGCGAATGGAAGCTG SEQ ID NO: 2
CACACGAGCTCGTATGCAAAGCAGAGATGC SEQ ID NO: 3
CACACGTCGACCGTCATTGCCTTGTTTG SEQ ID NO: 4
GTTCTGATCCTTAACCTGATGCCGAAGAAG SEQ ID NO: b
CCAGCGTTTGCGCATCATATTCGG SEQ ID NO: o
GGCAAAACACCTTTTTACGTCCGAGTCC SEQ ID NO: 7
GAACTCACGTACCAGCAGGGTCAGTTG SEQ ID NO: 8
CCAGTCACGACGTTGTAAAACGACGG SEQ ID NO: 9
AGTGAACGGCAGGTATATGTGATGG SEQ ID NO: 10
GTGATGACAACTTCTEGTGCGTCTGGTCAGG SEQ ID NO: 11
CCTGACCAGACGCACAAGAAGTTGTCATCAC SEQ ID NO: 12
CAAACTCACCTTTGgAGGTCGATATTCAGC SEQ ID NO: 13
GCTGAATATCGACCTCcCAAAGGTGAGTTTG SEQ ID NO: 14
GCTCAACTATTACGTCTgCCAGATCACGCCATACG SEQ ID NO: 15
CGTATGGCGTGATCTGGCAGACGTAATAGTTGAGC SEQ ID NO: 16
CGTCTACCAGAgCACGCEATACGATCTACG SEQ ID NO: 17
CGTAGATCGTATAGCGTGCTCTGGTAGACG SEQ ID NO: 18
ATCGATGCTGTCGaGCTTTCCACTCAG SEQ ID NO: 19
CTGAGTGGAAAGCECGACAGCATCGAT SEQ ID NO: 20
GCGCAGCTGCTGGCGATGCTGCCG SEQ ID NO: 21
CGGCAGCATCGCCAGCAGCTGCGC SEQ ID NO: 22

reslidues 1ndicate resgidues different tfrom the wild-type nucleic acid sequence.

Lowercase nucleic acid
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The metA gene was PCR amplified from bacterial strain
W3110 (Bachmann (1972) Bacteriol Rev 36:525-357) using

primers Sacl-metAtflank-F and Sall-metAflank-R, digested
with Sacl and Sall and ligated into Sacl and Sall digested
plasmid pS1080 to obtain plasmid pS1080-metA flank.
Plasmids pS1080-metAflank(R27C), pS1080-metAtlank
(Q64E), pS1080-metAflank(Y294C), and pS1080-metA-
flank(I12965P298L) were constructed by mutagenizing plas-

mid pS1080-metAtlank using a QuikChange kit (Stratagene)
and the {following sets of primers: (QC-metAR27C-F;
QC-metAR27C-R), (QC-metAQ64E-F; QC-metAQ64E-R),
(QC-metAY294C-F; QC-metAY294C-R) and (QC-
metAI296SP298L-F; QC-metAI296SP298L-R), respec-
tively.

The metK gene was PCR amplified from bacterial strain
W3110 using primers Sacl-metKflank-F and Sall-metK-
flank-R, digested with Sacl and Sall, and ligated into Sacl
and Sall digested plasmid pS1080 to obtain plasmid
pS1080-metKilank. Plasmids pS1080-metKilank(V185E)
and pS1080-metKtlank(c1132del) were constructed by

mutagenizing plasmid pS1080-metKilank using a
QuikChange kit (Stratagene) and the following set of prim-
ers: (QC-metKV185E-F; QC-metKV185E-R), and (QC-
metKc1132del-F; QC-metKcl132del-R), respectively.

Allele exchange was carried out using the methods pre-
viously described. (See Metcalf et al., (1994) Gene 138:1-7;
and Bass et al., (1996) J Bacteriol 178: 1154-61.)

As stated above, allele exchange was conducted using the
protocol described by Metcalf et al. (supra) as modified by
Bass et al. (supra). Cointegrates were transierred into 60E4
host cell background or 66HS8 host cell background. Fol-
lowing sucrose counter-selection, sucrose-resistant colonies
were screened for carbenicillin sensitivity by replica streak-
ing on LB agar and LB agar plates containing carbenicillin.
Carbenicillin-sensitive colonies were subsequently 1solated
and allele exchange was confirmed by PCR amplification of
the entire metA or metK reading frame followed by DNA
sequencing. The suicide plasmid vector pS1080 contains the
conditional R6Ky origin and carbenicillin resistance select-
able marker, as well as a counter-selectable sacB gene,
which conifers sucrose sensitivity.

Bacteria strains and plasmids used in the experiments
described herein are listed in Table 2 below.

TABLE 2
Strain or Genotype or description Ref. or
W3110 F~ lambda™ IN(rrnD-rmE)1 rph-1 Laboratory
JW3909-1 (AaraD-araB)567 AlacZ4787(::rmB-3) CGSC
A~ rph-1
60E4 W3110 AthuA (AtonA) Aptr AompT AdegP  Laboratory
AphoA
66G6 60E4 Amet]725::kan® This study
66H6 60E4 metA(R27C) This study
66HY 60E4 metA(Y294C) This study
67B& 60E4 metA(I296SP298L) This study
67B9 60E4 metA(Q64LE) This study
67C2 60E4 metA(Y294C) metK(V185E) This study
67C3 60E4 metA(Y294C) metK(cl132del) This study
66F8 W3110 AthuA (AtonA) AphoA 1lv(G2096 Laboratory
(IlvG™; Val’)
67C5 66F8 metA(Y294C) This study
64B4 W3110 AthuA (AtonA) AphoA 11vG2096 Laboratory
(IlvG™; Val”)
67C4 64B4 metA(Y294C) This study
pS1080 Counter-selectable allele-exchange suicide Laboratory
vector,
pS1080- MetA 1 pS1080 This study
metA
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TABLE 2-continued

Strain or Genotype or description Ref. or

pS1080- MetK in pS10&80 This study

metK

pS1080- MetA with R27C mutation cloned in pS1080 This study

pS1080- MetA with Q64E mutation cloned in pS1080 This study

pS1080- MetA with Y294C mutation cloned in pS1080This study

pS1080- MetA with 12968 and P298L mutations This study

metA cloned 1 pS10&80

(I1296SP29

pS1080- MetK with V185E mutation cloned m pS1080This study

pS1080- MetK with cytosine deletion at position 1132 This study
cloned

Fermentation

The E. coli host strain 60E4 was transformed with a
pBR322-based expression plasmid containing polynucleic
acid encoding a light chain and a heavy chain of an anti-
VEGF antibody antigen binding (Fab) fragment (SEQ ID

0:33 and SEQ ID NO:34, respectively). (See anti-VEGF
antibody Y0317 1n International Application Publication No.
WO1998/45331; International Application Publication No.
wW02002/40697 (Example 2, describing fermentation of
ant1-VEGF antibody Y0317); and Chen et al., (1999) ] Mol
Biol 293:865-881, anti-VEGF antibody Y0317, each of

which 1s 1incorporated herein 1n 1ts entirety by reference.)
The E. coli host strain 66F8 was transformed with an

expression plasmid containing polynucleic acid encoding a
light chain and a heavy chain of an anti-Factor D antibody
antigen binding (Fab) fragment, corresponding to the amino
acid sequence of SEQ ID NO:48 and SEQ ID NO:49,
respectively. (See anti-Factor D antibody number 238-1 in
International Application Publication No. WO2009/134711
and anti-Factor D antibody number 111 in International
Application Publication No. WO02008/055206, each of
which 1s incorporated herein in 1ts entirety by reference.)

The E. coli host strain 64B4 was transformed with an
expression plasmid containing polynucleic acid encoding a
light chain, a heavy chain, and a heavy chain fragment of an
anti-MET antibody corresponding to the amino acid
sequence of SEQ ID NO:50, SEQ ID NO:31, and SEQ ID
NO:32, respectively).

Expression of the recombinant heavy chain and light
chain Fab fragment polypeptides was controlled by the
phoA promoter with induction occurring upon the depletion
of 1organic phosphate 1mn the medium. (See Laird et al.,
(2003) Protein Expr Purif 39:237-246.) The heavy chain and
light chain Fab fragment polypeptides were directed for
exportation to the E. coli periplasm by a STII-signal
sequence, where the product was assembled. High cell
density fermentations at the 10 L working volume (WV)
were carried out as described previously. (See Stmmons et
al., (2002) J Immunol Methods 263:133-147.) At a cell
density of approximately 200 OD..,, a continuous 3%
methionine or water feed was 1imtiated and fed through the
remainder of the fermentation process.

Three different fermentation processes were examined
using host cell 60E4 (fermentation process AF1), host cell
66F8 (fermentation process AF2), and host cell 64B4 (fer-
mentation process AF3). (See Example 5 and Table 4
below.)

Purification

After fermentations were completed, whole cell broth was
cooled to <15° C. 1n the fermenter and the cooled broth was
processed for protein purification. One volume of the cooled
broth was mixed with 0.06 volumes of MgSO,, (60 mM final
concentration) and titrated to pH 3.8 with citric acid (1 M).
Cells were then disrupted using a microfluidizer at approxi-
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mately 12,000 ps1 (Microtluidics, Redwood Shores, Calitf.)
and the disrupted cells were incubated at 35° C. for 3 hours
with continuous shaking. The homogenate was diluted
3-fold with cold punfied water and the diluted homogenate
was centrifuged at 6,000xg using a fixed angle rotor at 4° C.
for 20 minutes. The supernatant was filtered using 0.22 um
filters and titrated to pH 7.5 with 1.5 M 'Tr1s base.

The recombinant Fab protein was purified using Protein G
aflinity chromatography as follows. Poly-prep chromatog-
raphy columns (Bio Rad) were packed with Protein G
Sepharose 4 Fast Flow resin (GE Healthcare) and equili-
brated with at least 5 column volumes of PBS, pH 7.2.
Filtered supernatant was loaded into the Protein G packed
column, washed twice with PBS, and eluted with 50 mM
citric acid. The final Fab protein pool was titrated to pH 7
with 1.5 M Tris base and analyzed for norleucine content as
described below. This corresponds to purnfication for fer-
mentation process AF1.

Three different recombinant protein product purification

processes were used, each specific to fermentation process
AF1 (for host cell 60E4), AF2 (for host cell 66F8), or AF3

(for host cell 64B4). (See Example 7 and Table 6 below.)
Amino Acid Analysis

To determine intracellular methionine levels, whole cell
broth samples containing 87.6x10° cells were pelleted at
17,000xg for 5 minutes at 4° C., washed once 1n PBS, and
then resuspended in extraction bufler (10 mM Tris, 5 mM
EDTA, 5 mM 1odoacetamide (IAM), 0.2 mg/ml lysozyme,
pH 6.8). Cells were then lysed by two cycles of sonication,
and then centrifuged for 20 min at 13,500 rpm to remove cell
debris. The supernatants were transferred to 0.2 um micro-
centrifuge tube filters (Bio Rad) and centrifuged at 17,000xg
for 5 minutes at 4° C. The filtrates were diluted and the

amino acids were analyzed as previously described (Feeney
et al., (2013) Biotechnology and Bioengineering, 110:1087-

1097). For determining extracellular methionine levels,
supernatant samples prepared from whole cell broth col-
lected during fermentation after centrifugation for 3 min at
14,000xrpm were diluted and the amino acids analyzed as
described below. (See Feeney et al., (2013) Biotechnology
and Bioengineering, 110:1087-1097.)

Amino acid concentrations were analyzed using a
reversed-phase HPLC method. Samples containing amino
acids were treated with 6-aminoquinolyl-N-hydroxysuccin-
imidyl carbamate to produce highly fluorescent derivatives.
(See Cohen and Michaud (1993) Anal Biochem 211:279-
287.) HPLC assays used detected the following amino acids
with a detection limit of 0.01 mM: histidine, asparagine,
serine, glutamine, arginine, glycine, aspartate, glutamate,
threonine, alanine, proline, ornithine, cysteine, lysine, tyro-
sine, methionine, valine, 1soleucine, leucine, phenylalanine
and tryptophan.

Phosphate Levels
Phosphate levels were measured using COBAS Integra

400 (Roche Diagnostics) according to methods previously
published. (See Taussky and Shorr (1933) J Biol Chem

202:675-6835.)
Titer Measurements

Whole cell broth samples were diluted 6-fold with extrac-
tion bufler (10 mM Trnis, 5 mM EDTA, 5 mM IAM, 0.2
mg/ml lysozyme, pH 6.8) and incubated for 10 minutes on
ice. After two rounds of sonication, the samples were
centrifuged at 17,000xg for 20 minutes at 4° C. Product titer
was determined from supernatants using HPLC.
Integrated OD.., Measurements

Integrated OD.., was determined by using trapezoidal
integration using the following formula:
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(ODss50; + ODss0,-1)
2

=k
iODss50 = Z (f; — ;1)
=y

where,
1=index of the first measurement performed at or after 24
hours of culture time; k=total number of OD.., measure-
ments performed; t=elapsed culture time 1n hours at mea-
surement 1; ODs5, ~0Ds5, at measurement 1.
Norleucine Analysis

For analysis of norleucine content, purified recombinant

protein samples were subjected to trypsin digestion based on
a method previously described. (See Yu et al., (2009) Anal

Chem 81:9282-9290.) Peptide map analysis was performed
using a reversed-phase HPLC and online liquid chromatog-
raphy tandem mass spectrometry (LC/MS) as previously
described. (See Yu et al., (2009) Anal Chem 81:9282-9290:;
and Yu et al., (2011) Anal Chem 83:5912-5919.) High
resolution mass determination was performed with an LTQ-

Orbitrap XL instrument (Thermo Scientific, San Jose, US)
using a full-MS survey scan with resolution set at 60,000 at
m/z 400, followed by 10n trap MS2 scans for 1ons of interest.
For determination of the relative level of norleucine within
the polypeptides, extracted 1on chromatograms were gener-
ated for both methionine-containing and norleucine-contain-
ing peptides using the most abundant charge state with an
extraction window of monoisotopic m/z+x10 ppm. Relative
amount of norleucine-containing species relative to that of
methionine-containing species were calculated using the
respective integrated peak areas.
Western Blots

Whole cell broth samples obtained during the fermenta-
tion were diluted 6-fold with extraction bufler (10 mM Tris,
SmM EDTA, SmM JAM, 0.2 mg/ml lysozyme, pH 6.8) and
incubated for 10 minutes on ice. After two rounds of
sonication, samples were centrifuged at 17,000xg for 25
minutes at 4° C. Samples were loaded on 4-12% Tris-
Glycine gels under non-reducing conditions. Protein was
transierred to nitrocellulose membranes using an 1Blot Blot-

ting System (Invitrogen). Membranes were blocked with
0.5% Gelatin in NET bufler (150 mM NaCl, 5 mM EDTA,

50 mM Trs, 0.05% TritonX-100) for 30 minutes, followed
by incubation 1 a 1:300,000 dilution of peroxidase conju-
gated goat IgG fraction to human IgG Fab (MP Biomedical)
in the blocking bufler. After washing 3 times with NET
bufler, the blots were visualized on X-ray film using Western
Lightning ECL Substrate (PerkinElmer) after a 5 second
exposure.

Example 1. Norleucine Misincorporation During £.
coli Fermentation

As described above, norleucine misincorporation oiten
occurs during recombinant protein production in £. coli. The
extent ol norleucine misincorporation during recombinant
protein production depends on several factors, such as, for
example, the nature of the recombinant protein, the fermen-
tation process used, and the contents of the fermentation
medium. (See, e.g., Bogosian et al., (1989) Biol Chem
264:531-539.)

To examine norleucine misincorporation in a recombinant
protein expression fermentation process, the following study
was performed. The £. coli host strain 60E4 was trans-
formed with a plasmid containing nucleic acid sequences
encoding a light chain and a heavy chain of an Fab antibody
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fragment (SEQ ID NO:31 and SEQ ID NO:32, respectively)
and used 1n the following fermentation studies using a water
feed or methionine feed according to methods described
above. The expressed recombinant proteins were then ana-
lyzed for norleucine content using methods described above.

As shown 1n Table 3 below, approximately 5-10% nor-
leucine misincorporation was observed 1n each of the recom-
binant polypeptides expressed 1n the £. coli host cell 60E4
in the absence of a continuous methionine feed (1.e., a water
feed). As expected, 1n the presence of a continuous methio-
nine feed, norleucine was not detected (ND) in either
expressed recombinant polypeptide.

TABLE 3
Strain  Feed  Norleucine mn peptide 1 (%) Norleucine in peptide 2 (%)
60E4  Met ND ND
60E4  Water 5.1 £ 0.7 10 £ 1.2
60E4 No feed
66H6 Water ND N
66H8 Water ND ND
66H8 No feed ND ND
67B8 Water ND ND
67B9 Water ND ND
67C2  Water ND ND
67C3 Water ND ND

These results confirmed that norleucine misincorporation
occurred 1n recombinant protein production 1n bacteria in the
absence ol a methionine feed.

Example 2. Construction of Methionine
Biosynthetic Pathway Mutant E. coli Host Cells

As stated above, continuous feeding of methionine during
recombinant protein fermentation 1s often used to prevent
norleucine misincorporation. As shown above 1n Example 1,
continuous methionine feed ensured that suthicient methio-
nine was available for the host cell, thus reducing or
preventing norleucine misincorporation during recombinant
protein production. To examine the effect of using an E. coli
host cell containing mutant metA and/or metK alleles on
norleucine misincorporation, mstead of using a continuous
methionine feed, the following studies were performed.

In the present studies, metA alleles containing the muta-
tions R27C, Q64E, Y294C, 12968, and P298L, which result
in feedback-resistant MetA, were introduced 1nto 60E4 host
cells using an allele exchange method (see Materials and
Methods above) to obtain bacterial host cell strains 66H6
(60E4 metA(R27C)), 66H8 (60E4 metA(Y294C)), 67B8
(60E4 metA(Q64E)), and 67B9 (60E4 metA(1296S
P298L)), respectively (See Tables 2 and 3 above.)

The metK alleles containing the mutations V185E and
c1132del (deletion of the cytosine base at position 1132 1n
the metK gene), which result in partial loss of function MetK
enzymes, were introduced into 66HS (60E4 metA(Y294C))
host cells using an allele exchange method (see Materials

and Methods above) to obtain bacterial host cell strains
67C2 (66H8 metK(V185E)) and 67C3 (66H8 metK

(c1132del)), respectively. (See Tables 2 and 3 above.)

These E. coli host cells were evaluated for norleucine
misincorporation during recombinant protein production in
a fermentation process performed without a continuous
methionine feed. (See Example 3 below.)

Example 3. Fermentation Results

Small-scale fermentations (10 L) without a continuous
methionine feed were executed utilizing the methionine
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biosynthetic pathway mutant bacterial strains constructed in
this study. (See Table 1.) The methionine feed was either
replaced with water feed or no feed was used during the
fermentation process in these experiments. Three 10 L
fermentations were performed using the control host cell
strain 60E4 as follows: 1) a continuous methionine feed, 2)
a continuous water feed, and 3) no feed.

Fermentation trends for cell growth, as monitored by
OD..,, are shown 1n FIG. 12A. Irrespective of the nature of
the feed (methionine, water, or no feed), the growth of the

methionine biosynthetic pathway mutant bacteria host cells
60E4 metA(R27C), 60E4 metA(Y294C), 60E4 metA

(Y294C) metK(V185E), and 60E4 metA(Y294C) metK
(c1132del) was comparable to that observed 1n control host
cells during the growth phase of the fermentation (5-28
hours). However, double mutant host cells 60E4 metA
(Y294C) metK(V185E), and 60E4 metA(Y294C) metK
(c1132del) had lower 10D, ., (area under the growth curve
from 24 hours until the end of fermentation) compared to
that observed 1n control host cell fermentations. (See FIG.
12B.) Fermentations performed with water feed using host
cells 60E4 and 60E4 metA(Y294C) had shightly higher
10D, ., compared to that observed in control host cell
fermentation performed with a methiomine feed and 60E4
metA(Y294C) host cell fermentation performed with no
feed, respectively. The mutant cells 60E4 Amet]J::kan™ and
60E4 metA (1296S P298L) had longer adaptation phases
and as a result had lower 10D, ., compared to that observed
in control host cell fermentations. (See FIGS. 12A and 12B.)
The mutant host cell 60E4 metA(Q64E) grew poorly 1n the
fermentor, reaching a maximum OD.., of 150, which 1s
approximately 30-40% lower compared to the maximum
OD.., observed in fermentations using other mutant host
cells. (See FIG. 12A.) After 20 hours, growth of mutant host
cell 60E4 metA(Q64E) reached saturation and as a result,
the fermentation using this mutant host cell had the lowest
10D. .. (See FIGS. 12A and 12B.)

The presence or absence of a methionine feed during the
fermentation did not aflect growth of the 60E4 host cells.
(See FIG. 12C.)

Fermentations using the methionine biosynthetic pathway
mutants accumulated higher levels of methionine both in
vivo (1.e., itracellular) and 1n the extracellular medium
compared to that observed 1n control host cell fermentation.
(See FIGS. 13A, 13B, 14A, and 14B.) At the beginning of
the fermentation process, there i1s excess methionine (>3
mM) 1n the fermentation medium. As the cells begin to grow,
they uptake methionine for protein synthesis, methyl donor
role, and other functions. As a result, the extracellular
methionine concentration gradually decreases as the cells
continue to grow and the extracellular methionine levels
reach less than detectable levels (<10 uM) at approximately
hour 16. (See FIGS. 13A and 14A.)

At hour 16, the intracellular methionine concentrations
vary from 0.5-2.5 mM (concentration 1s based on cell
volume) among different hosts. (See FIGS. 13B and 14B.)
At such high intracellular methionine concentrations, wild-
type MetA would be strongly inhibited; however, feedback
resistant MetA mutants may only be weakly mhibited and
thus allowing the mutant host cells to produce methionine
via the biosynthetic pathway. (See Usuda and Kurahashi
(2003) Appl Environ Microbiol 71:3228-3234.) However,
the intracellular methionine levels continued to decrease
until about hour 28, at which point cell growth was consid-
erably slowed down. It 1s possible that during the bacterial
growth phase (5-28 hours) of the fermentations, the rate at
which the methionine 1s utilized for protein synthesis and
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other cellular functions may exceed the rate at which
methionine 1s synthesized in vivo. This may explain the
gradual decrease 1n intracellular methionine levels until the
end of growth phase.

During the recombinant protein production phase of the
fermentation (28 hours until the end of the fermentation), the
methionine overproducing host cells continue to synthesize
methionine 1 vivo and the intracellular methionine levels
continued increasing during this phase of the fermentation
process. (See FIGS. 13B and 14B.) These results suggested
that during the recombinant protein production phase of the
termentation, the rate of methionine biosynthesis exceeded
the rate at which methionine was utilized for various 1ntra-
cellular functions.

During control host cell fermentation performed with a
continuous water feed, both the extracellular and intracel-
lular methionine levels continued to decrease, reaching
levels less than the limit of detection of the assay (10 uM)
at about 16 hours for extracellular methionine and at about
24 hours for intracellular methionine. For a control host
fermentation performed with a continuous methionine feed,
the feed ensures that there 1s excess methionine in the cell
after approximately 26 hours, the time point at which the
feed 1s mitiated. During the production phase of fermenta-
tion, the double mutant host cell 60E4 metA(Y294C) metK
(V185E) accumulated more intracellular methionine com-
pared to that observed in control host cell fermentation
performed with a continuous methionine feed.

Longer adaptation phase of host cells 60E4 metA(I1296S
P298L) and 60E4 Amea:kan™ and poor growth of host cell
60E4 metA(Q64E) compared to that observed in control
host cells could potentially be due to high levels of homo-
cysteine accumulation, a toxic mtermediate 1n the methio-
nine biosynthetic pathway. (See Roe et al., (2002) Micro-
biology 148:2215-2222; See FIG. 12A.) It was
demonstrated previously that homocysteine inhibits the
enzyme 1nvolved in the first step of 1soleucine biosynthetic
pathway, threonine deaminase, causing growth inhibition.
(See Twte et al., (2005) J Bacteriol 187:4362-4371.) Thus
was examined by measuring the intracellular isoleucine
levels 1n the mutant host cells. The analysis showed that the
intracellular 1soleucine levels were comparable to that
observed 1n control host cells during fermentation (data not
shown). The possibility of homocysteine having other toxic
cllects on cell growth cannot be completely ruled out. At this
time, however, these differences i growth among the
mutants are not fully understood.

Time course for protein product titers and western blot
data are shown in FIGS. 16 A, 168, and 17. The fermentation
inoculated from host cell 60E4 metA(Q64E) produced less
product that that observed 1n other host cells. Except for a
brief period between 45-50 hours, phosphate levels never
depleted during the 60E4 metA(Q64E) host fermentation
(FIG. 15); thus, recombinant protein synthesis was low. The
extended adaptation phase of the mutant host cells 60E4
metA(1296S P298L) and 60E4 AmetJ:kan” resulted in phos-
phate depletion after hour 40 which 1s about 12 hours later
than as usually observed; hence, fermentations using these
host cells had lower protein product titers compared to that

observed 1n other mutant host cells that depleted phosphate
carlier. (See FIGS. 12A, 15 and 16A.) Fermentations using

the host cells 60E4 metA(R27C) and 60E4 metA(Y294C)
produced the highest protein product titers among all the
mutant host cells examined.

Fermentations using the metA metK double mutant host
cells, 60E4 metA(Y294C) metK(V183E) and 60E4 metA

(Y294C) metK(c1132del), produced somewhat low protein
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product titers 1n spite of having comparable growth to
control host cells. These double mutant host cells have a
mutation in the metK gene that results 1n a partial loss of
function MetK. The product of MetK 1s s-adenosylmethio-
nine (SAM), a methyl donor for many reactions 1n bacterial
cells. It 1s not known, however, why decreased SAM levels
would affect protein product titers. A continuous feed during
the fermentation process could result in dilution of the
culture medium that could possibly result i lower cell
densities and possibly lower product titers. The growth and
titers of host cell 60E4 metA(Y294C) fermentation without
any feed was comparable to that observed in fermentations
using the same host cell performed with a continuous water

feed.

Example 4. Norleucine Misincorporation

As described above, norleucine misincorporation in pro-
teins due to the levels of methionine in the cell are low
enough that norleucine can compete for methionine residues
in the charging of methionyl tRNA during protein synthesis.
As shown 1n Example 1 above, control host cell fermenta-
tion performed without a methionine feed resulted in high
levels of norleucine misincorporation in the recombinant
protein (Table 3). Low intracellular methionine levels during
the production phase of control host cell fermentation per-
formed without a methionine feed indicated that norleucine
residues could be competing for methionine residues in the
recombinant protein. However, high levels of extracellular
and intracellular methionine were observed during the pro-
duction phase of the mutant host cell fermentations. (See
FIGS. 13B and 14B.) As a result of elevated intracellular
methionine levels, norleucine misincorporation 1s expected
to be minimal or eliminated in using such host cell fermen-
tations.

Trypsin digestion of the recombinant protein yielded 2

methionine containing, peptides: peptide 1:
LSCAASGYDFTHYGM*NWVR (SEQ ID NO:35); and

peptide 2: STAYLQM®’NSLR (SEQ ID NO:36). Peptide
map analysis indicated that the recombinant protein pools
purified from the mutant host cell fermentations contained
less than detectable levels of norleucine misincorporation,
while the control host cell fermentation performed without
a methionine feed accumulated high levels of norleucine 1n
both methionine containing peptides. (See Table 3.) These
results showed that use of E. coli host cell strains of the
present invention resulted in the reduction or prevention of
norleucine incorporation mto heterologous (e.g., recombi-
nant) polypeptides.

Example 5. Additional Bacteria Host Cells

In addition to experiments performed using host cell 60E4
or host cells derived from 60E4, two other bacteria host cells
were developed and examined for growth, norleucine mis-
incorporation, and recombinant protein production as fol-
lows.

Bacteria host cells 66F8 and 64B4 (as well as bacternia
host cell 60E4) are described above 1n Table 2. As shown in
Table 2, there are several diflerences 1n the genotype of host
cells 60E4 compared to host cells 66F8 and 64B4 (which
share a similar genotype).

Three different fermentation processes were examined
using host cell 60E4 (fermentation process AF1), host cell
66F8 (fermentation process AF2), and host cell 64B4 (fer-
mentation process AF3). Table 4 below shows the differ-
ences 1n various fermentation parameters (pH, agitation,
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culture duration, and feed start time) of each of the fermen-
tation processes (AF1, AF2, and AF3) examined.

TABLE 4
AF1 AF?2 AF3
Control host 60E4 66F8 64B4
pH 7.0 7.0 7.3
Agitation (rpm) 8507 650 650
Culture duration (hours) 72 50 72
Feed (met or water) start timing (ODs50) 200 150 150

“After the cells reach an ODssq of 200, agitation is reduced to 800 and then stepwise by
100 rpm every 2 hours until 300 rpm 1s reached

The metA(Y294C) allele was introduced into the host
cells 66F8 and 64B4 using methods as described above 1n
Example 1 for host cell 60E4. Fermentations performed
using the 66F8 metA(Y294C) and the 64B4 metA(Y294C),
using fermentation process AF2 and AF3, respectively,
showed host cell growth comparable to that observed with

their parent host cells. (See FIGS. 19A and 19B; and Table
S below.)

Example 6. Comparison of £. coli Host Cell

Growth Rates and Recombinant Protein Product
Yields

Growth rates and recombinant protein product yields were
examined in each of the E. coli host strains 60E4 metA
(Y294C), 66F8 metA(Y294C), and 64B4 metA(Y294C)
using fermentation process AF1, AF2, AF3, respectively. 10
[. fermentations were performed as described above 1n
Example 3 for host cells of strain 60E4, using fermentation
process modifications as outlined above 1in Table 4 for each
fermentation process.

Growth rates and recombinant proteimn product yields
observed for the various host cells of strain 60E4 are
discussed 1n detail above 1n Example 3.

As shown 1in FIGS. 20A, 20B, and 20C, recombinant
protein product yields obtained using host strains 60E4
metA(Y294C), 66F8 metA(Y294C), and 64B4 metA
(Y294C) was comparable to that observed using host strains
60E4, 66F8, and 64B4. (See also Table 5 below.) The
presence or absence of methionine feed did not affect
recombinant protein yields obtained from the 60E4 host cell
fermentation.

TABLE 5
Growth rate, p Product yield
Host Feed  Process (hrh)e (g/L)*
60E4 (control host) met AF1 0.325 £ 0.02 1.077 £ 0.047
60E4 (control host) water AF1 0.343 1.152
60E4 (control host) none AF1 0.358 £ 0.15 1.098
60E4 metl] water AF1 0.232 0.486

Tryptic peptides

STAYLOMNSLR

LSCAASGYDFTHYGMNWVR
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TABLE 5-continued

Growth rate, 1 Product vield

Host Feed  Process (hr~1h)e (g/1)*
60E4 metA(R27C) water AF1 0.332 0.792
60E4 metA(Y294C) water AF1 0.333 0.906
60E4 metA(Y294C) none AF1 0.377 £0.023 0.924 = 0.017
60E4 metA(Q64E) water AF1 0.294 0.102
60E4 metA(I2968 water AF1 0.278 0.57
P298L)

60E4 metA(Y294C) water AF1 0.356 0.696
metK (V185E)

60E4 metA(Y294C) water AF1 0.301 0.618
metK (V185E)

60E4 metA(Y294C) none” AF1 0.314 0.936
66F8 (control host) met AF?2 0.459 + 0.025 45 0.5
66F8 metA(Y294C) none AF?2 0.381 = 0.03 6.7 0.2
64B4 (control host) met AF3 0.406 + 0.037 5.1 £0.2
64B4 metA(Y294C) none AF3 0.361 = 0.01 54 +0.1

“For the 60E4 met] and 60E4 metA metA(I1296S P298L) hosts, the time between 6-14

hours and 14-22 hours respectively was used to calculate u. For all other hosts, 2-10 hours
was used to calculate p. The values of u shown are the average of n = 2 runs.

’The values shown are the average of n = 2 runs.

Example 7. Comparison of Norleucine
Misincorporation

Three different recombinant protein product purification
processes were used, each specific to fermentation process
AF1 (for host cell 60E4), AF2 (for host cell 66F8), and AF3
(for host cell 64B4). Table 6 below shows the differences 1n
the various purification processes used for each of the
fermentation processes (1.e., AF1, AF2, and AF3) examined.

TABLE 6
AF1 AF?2 AF3
Flocculant® MgSO, (50 mM) MgSO, (50 mM) Polyethyleneimine
Homogenate 3 hours at 35° C. 21 hours at 30° C. 12 hours at 30° C.
hold
Affinity resin~ Protemn G Protemn G MabSelect Sure
Elution buffer  Citric acid Citric acid Glycine phosphate

“Final concentrations are indicated for the flocculant

Norleucine quantification was performed using LC-MS
analysis on tryptic peptides for each of the recombinant
protein products as described above.

Trypsin digestion of the recombinant protein produced by
the 60E4 host yielded 2 methionine-containing peptides
(Table 7). Trypsin digestion of the recombinant protein
produced by the 66F8 host yielded 3 methionine-containing
peptides (Table 8). Trypsin digestion of the recombinant
protein produced by the 64B4 host vielded 6 methionine-
containing peptides (Table 9).

TABLE 7
SEQ ID 60E4 60E4
NO: met feed 60E4 metA{Y294C)
36 ND 10 £ 1.2 ND
35 ND 5.1 £ 0.7 ND
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TABLE B8
SEQ 1D 60F8

Tryptic peptides NO : met feed 66F8
ASGYTFTNYGMNWVR 37 ND 2.1
QAPGOGLEWMGWINTYTGETTYADDEK 38 ND 0.7
VIITCITSTDIDDDMNWYQOQKPGK 39 ND 1

TABLE ©

SEQ ID 64B4

Tryptic peptides NO : met feed 64B4
GLEWVGMIDPSNSDTR 40 ND 1.3 = 0.3
NTAYLOMNSLR 41 ND 1.3 = 0.3
DTLMISR 42 ND 2.4 = 0.4
EEMTK 43 ND 2.2 = 0.5
WQOGNVEFSCSVMHEALHNHYTQK 44 ND 1.5 = 0.4
DIOMTQSPSSLSASVGDR 45 ND 1.3 = 0.2

Recombinant protein purified from the AF1 fermentation

process performed without a methionine feed using the 60E4
host accumulated 5.1% and 10% norleucine at the two

methionine residues 1n the protein (Table 7). No norleucine
was detected 1n the recombinant protein purified from the
AF1 fermentations performed without a methionine feed
using the hosts 60E4 metA(Y294C) ('Table 7), 60E4 metA
(R27C), 60E4 metA(Y294C) metK(V185E), and 60E4
metA(Y294C) metK(c1132del) (data not shown).

When the 60E4 metA(Y294C) host fermentation was

supplemented with norleucine (0.15 mM final concentra-
tion) i1n the fermentation medium, no norleucine was
observed 1n the recombinant protein, indicating that the
bacterial host cells of the present mvention make enough
methionine 1n the cell to prevent norleucine misincorpora-
tion during recombinant protein synthesis.

About 2.7%, 0.7%, and 1% norleucine misincorporation
was observed in the three methionine-containing tryptic
peptides obtained from the recombinant protein produced

using AF2 fermentation process performed without methio-
nine feed using the 66F8 host. (See Table 8.) Similarly there
was about 1.3%, 1.3%, 2.4%, 2.2%, 1.5%, and 1.3% nor-

leucine misincorporation 1n the six methionine-containing

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 52
<210>
<211>
«<212>
<213>
220>

223>

SEQ ID NO 1

LENGTH: 234

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :
primer

<400> SEQUENCE: 1

cacacgagct cctcattttg ctcattaacg ttgg

-+

-+

-+

30

35

40

45

50

OTHER INFORMATION: Description of Artificial Sequence:

38

66F8
metA{(Y294C}

.4 ND

.2 ND

.3 ND
64B4

metA{(Y294C)

ND
ND
ND
ND
ND

ND

tryptic peptides obtained from the recombinant protein pro-
duced using AF3 process performed without met feed using
the 64B4 host. (See Table 9.) However, no norleucine was
detected 1n the recombinant proteins purified from AF2 and
AF3 fermentation processes using the 66F8 metA(Y294C)
host and 64B4 metA(Y294C) hosts, respectively. (See
Tables 8 and 9 above.)

The tryptic peptide map analyses indicated that the
recombinant protein pools purified from the mutant host cell
fermentations contained less than detectable levels of nor-
leucine misincorporation, while the control host cell fermen-

tation performed without a methionine feed accumulated
high levels of norleucine in the methionine-containing pep-
tides. These results showed that use of E. coli host cell
strains of the present invention resulted in the reduction or
prevention ol norleucine incorporation to heterologous
(e.g., recombinant) polypeptides.

Although the foregoing invention has been described 1n
some detail by way of illustration and example for purposes
of clarity of understanding, the descriptions and examples
should not be construed as limiting the scope of the mven-
tion. The disclosures of all patent and scientific literature
cited herein are expressly incorporated in their entirety by
reference.

Synthetic
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39

-continued

<210> SEQ ID NO 2

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 2

cacacgtcga cgcgaatgga agctg

<210> SEQ ID NO 23

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 3

cacacgagct cgtatgcaaa gcagagatgc

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 4

cacacgtcga ccgtcattge cttgtttyg

<210> SEQ ID NO b5

<211l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

primer
<400> SEQUENCE: 5

gttctgatce ttaacctgat gcocgaagaag

<210> SEQ ID NO o

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

primer
<400> SEQUENCE: 6

ccagcegtttyg cgcatcatat tcgg

<210> SEQ ID NO 7

<211l> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

ggcaaaacac ctttttacgt ccgagtcc

Synthetic

25

Synthetic

30

Synthetic

28

Synthetic

30

Synthetic

24

Synthetic

28

40
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41

-continued

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 8

gaactcacgt accagcaggg tcagttg

<210> SEQ ID NO ©

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: ©

ccagtcacga cgttgtaaaa cgacgg

<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 10

agtgaacggc aggtatatgt gatgg

<210> SEQ ID NO 11

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 11

gtgatgacaa cttcttgtgce gtctggtcag g

<210> SEQ ID NO 12

<211l> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 12

cctgaccaga cgcacaagaa gttgtcatca ¢

<210> SEQ ID NO 13

<211l> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

primer
<400> SEQUENCE: 13

caaactcacc tttggaggtc gatattcagc

Synthetic

277

Synthetic

26

Synthetic

25

Synthetic

31

Synthetic

31

Synthetic

30
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<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

US 10,179,925 B2

43

-continued

SEQ ID NO 14

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 14

gctgaatatce gacctccaaa ggtgagtttg

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 15

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 15

gctcaactat tacgtctgcc agatcacgcc atacg

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 16

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 16

cgtatggcgt gatctggcag acgtaatagt tgagc

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 17

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 17

cgtctaccag agcacgctat acgatctacy

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 18

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 18

cgtagatcgt atagcgtgcet ctggtagacy

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 19

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

primer

SEQUENCE: 19

atcgatgctg tcgagecttte cactcag

<210> SEQ ID NO 20

Synthetic

30

Synthetic

35

Synthetic

35

Synthetic

30

Synthetic

30

Synthetic

27
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«211> LENGTH: 27

<212> TYPE:

DNA

45
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 20

ctgagtggaa agctcgacag catcgat

<210> SEQ ID NO 21
«<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 21

gcgcagctge tggcgatgcet gcecg

<210> SEQ ID NO 22
<«211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 22

cggcagcatc gccagcagcect gcgc

<210> SEQ ID NO 23

<«211> LENGTH:
<212> TYPE:

530
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 23

atgccgattc

tttgtgatga

cttaacctga

tcacctttgc

ccogcagagc

gacggtttga

tggccgcaga

gtctgctggy

accdaadadac

cgtggcettty

ttgattegtyg

ctgtttgcca

caaacgctgy

tataactatt

ggtaatttac

ctacggcaca

gtgtgccgga
caacttcttyg
tgccgaagaa
aggtcgatat
atctgaacaa
ttgtaactgy

tcaaacaggt

cggtacaggc

tctetggegt

atgattcatt

attacaccga

gtaaagataa

cgcaggaatt

tccecgecacaa

tgtttaccaa

tgaatccaac

cgagctaccc
tgcgtcectggt
gattgaaact
tcagctgttyg
cttctactgt
tgcgcagcety
gctggagtgg
cgcgctcaat

ttacgagcat

cctggcaccy

tctggaaatt

gcgcattgcec

tttccgcgat

tgatccgcaa

ctggctcaac

gctggattaa

gccgtcaatt

caggaaattc

gaaaatcagt

cgcatcgatt

aactttgaag

ggcctggtgg

tcgaaagatc

atcctctacg

catattctcc

cattcgcgcet

ctggcagaga

tttgtgacgy

gtggaagccyg

aatacaccgc

tattacgtcet

-continued

tcttgcgtga

gtccacttaa

ttctgegect

ccecgtgaatce

atattcagga

agtttaatga

acgtcacctc

gcattcctaa

atcctcatgc

atgctgactt

cgdaagaadgyd

gccatcccga

gactagaccc

gagcgagcetg

accagatcac

Synthetic
27

Synthetic
24

Synthetic
24

Synthetic
agaaaacgtc 60
ggttctgatc 120
gctttcaaac 180
gcgcaacacyg 240
tcagaacttt 300
tgtcgcttac 360
gacgctgttt 420
gcaaactcgc 480
gcttctgacy 540
tccggcagceg 600
ggatgcatat 660
atatgatgcyg 720
ggatgtaccyg 780
gcgtagtcac 840
gccatacgat 500
530
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<210> SEQ ID NO 24

<211> LENGTH:
<212> TYPERE:

930
DNA

47
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 24

atgccgattce

tttgtgatga

cttaacctga

tcacctttgc

ccegcecagagc

gacggtttga

tggccgcaga

gtﬂtgﬂtggg

aAcCcyadadadaac

cgtggctttyg

ttgattegtyg

ctgtttgcca

caaacgctgy

tataactatt

ggtaatttac

ctacggcaca

gtgtgccgga
caacttctceyg
tgccgaagaa
aggtcgatat
atctgaacaa
ttgtaactgy
tcaaacaggt
cggtacaggc
tctcectggegt
atgattcatt
attacaccga
gtaaagataa
cgcaggaatt
tcccecgecacaa
tgtttaccaa

tgaatccaac

<210> SEQ ID NO 25

<211> LENGTH:
<212> TYPE:

530
DNA

cgagctaccc

tgcgtcectggt

gattgaaact

tcagctgttyg

cttctactgt

tgcgcagcety

gctggagtgg

cgcgctcaat

ttacgagcat

cctggcaccy

tctggaaatt

gcgcattgcec

tttccgecgat

tgatccgcaa

ctggctcaac

gctggattaa

gccgtcaatt

caggaaattc

gaaaatcagt

cgcatcgatt

aactttgaag

ggcctggtgg

tcgaaagatc

atcctctacg

catattctcc

cattcgcgcet

ctggcagaga

tttgtgacgy

gtggaagcceg

aatacaccgc

tattacgtcet

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 25

atgccgattc

tttgtgatga

cttaacctga

tcacctttgc

ccoegcagagc

gacggtttga

tggccgcaga

gtﬂtgﬂtggg

accyaaaaac

cgtggettty

ttgattegtyg

ctgtttgcca

gtgtgccgga
caacttctcyg
tgccgaagaa
aggtcgatat
atctgaacaa

ttgtaactygy

tcaaacaggt

cggtacaggc

tctcectggegt

atgattcatt

attacaccga

gtaaagataa

cgagctaccc

tgcgtcectggt

gattgaaact

tcagctgttyg

cttctactgt

tgcgecgety

gctggagtgyg

cgcgctcaat

ttacgagcat

cctggcecaccy

tctggaaatt

gcgcattgcec

gccgtcaatt

caggaaattc

gaaaatcagt

cgcatcgatt

aactttgaag

ggcctggtgg

tcgaaagatc

atcctctacg

catattctcc

cattcgcgcet

ctggcagaga

tttgtgacgy

-continued

tcttgcgtga

gtccacttaa

ttctgecgect

ccegtgaatce

atattcagga

agtttaatga

acgtcacctc

gcattcctaa

atcctcatgc

atgctgactt

cgdaagaadgyd

gccatcceccecga

gactagaccc

gagcgagcetg

gccagatcac

tcttgcgtga

gtccacttaa

ttctgecgect

ccegtgaatce

atattcagga

agtttaatga

acgtcacctc

gcattcctaa

atcctcatgc

atgctgactt

cgdaadgaadyd

gccatcccga

Synthetic
agaaaacgtc 60
ggttctgatc 120
gctttcaaac 180
gcgcaacacyg 240
tcagaacttt 300
tgtcgcttac 360
gacgctgttt 420
gcaaactcgc 480
gcttctgacyg 540
tccggcagcy 600
ggatgcatat 660
atatgatgcg 720
ggatgtaccyg 780
gcgtagtcac 840
gccatacgat 900

930

Synthetic
agaaaacgtc 60
ggttctgatc 120
gctttcaaac 180
gcgcaacacyg 240
tcagaacttt 300
tgtcgcttac 360
gacgctgttt 420
gcaaactcgc 480
gcttctgacy 540
tccggcagcey 600
ggatgcatat 660
atatgatgcyg 720

48



caaacgctgyg

tataactatt

ggtaatttac

ctacggcaca

cgcaggaatt

tcccgcacaa

tgtttaccaa

tgaatccaac

<210> SEQ ID NO 26

<211> LENGTH:
«212> TYPE:

530
DNA

49

tttccgecgat
tgatccgcaa
ctggctcaac

gctggattaa

US 10,179,925 B2

-continued

gtggaagccg gactagaccce ggatgtaccyg

aatacaccgc gagcgagctg gcecgtagtcac

tattacgtct accagagcac gctatacgat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 26

atgccgattc

tttgtgatga

Ccttaacctga

tcacctttygg

ccegcagagc

gacggtttga

tggccgcaga

gtCthtggg

accyaaaaac

cgtggctttyg

ttgattcgtyg

ctgtttgcca

caaacgctgyg

tataactatt

ggtaatttac

ctacggcaca

gtgtgccgga
caacttctcg
tgccgaagaa
aggtcgatat
atctgaacaa
ttgtaactgg
tcaaacaggt
cggtacaggc
tctcectggegt
atgattcatt
attacaccga
gtaaagataa
cgcaggaatt
tcccecgcacaa
tgtttaccaa

tgaatccaac

<«210> SEQ ID NO 27

<211> LENGTH:
<212> TYPERE:

1155
DNA

cgagctaccc

tgcgtctggt

gattgaaact

tcagctgttyg

cttectactgt

tgcgccogcetyg

gctggagtgg

cgcgctcaat

ttacgagcat

cctggcaccy

tctggaaatt

gcgcattgec

tttccgegat

tgatccgcaa

ctggctcaac

gctggattaa

gccgtcaatt

caggaaattc

gaaaatcagt

cgcatcgatt

aactttgaag

ggcctggtgg

tcgaaagatc

atcctctacg

catattctcc

cattcgcgcet

ctggcagaga

tttgtgacgy

gtggaagcceg

aatacaccgc

tattacgtet

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 27

atggcaaaac

gaccaaattt

gcttgcgaaa

gcctgggtag

tccgacatgy

cctgacatca

ggtctgatgt

tatgcacacc

ctgcgceccgy

acctttttac

ctgatgccecgt

cctacgtaaa

acatcgaaga

gctttgacgce

accagggcgt

ttggctacgc

gtctggtaca

acgcgaaaag

gtccgagtcec

tttagacgcy

aaccggcatyg

gatcacccgt

taactcctgt

tgaccgtgcc

aactaatgaa

gcgtcaggcet

ccaggtgact

gtctctgaag

atcctcgaac

gttttagttg

aacaccgttc

gcggttcotga

gatccgetgy

accgacgtgc

gaagtgcgta

tttcagtatg

tcttgcgtga

gtccacttaa

ttctgcgect

cccgtgaatc

atattcagga

agtttaatga

acgtcacctc

gcattcctaa

atcctcatgc

atgctgactt

cgdaagaady

gccatcccga

gactagaccc

gagcgagcetyg

accagatcac

ggcatcctyga

aggatccgaa

gcggcgaaat

gcgaaattgyg

gcgctatcgyg

aacagggcgc

tgatgccagce

aaaacggcac

acgacggcaa

780

840

900

930

Synthetic

agaaaacgtc 60
ggttctgatc 120
gctttcaaac 180
gcgcaacacyg 240
tcagaacttt 300
tgtcgcttac 360
gacgctgttt 420
gcaaactcgc 480
gcttctgacy 540
tccggcagcy 600
ggatgcatat 660
atatgatgcyg 720
ggatgtaccyg 780
gcgtagtcac 840
gccatacgat 900

930

Synthetic

caaaattgct 60
agcacgecgtt 120
caccaccagc 180
ctatgtgcat 240
caaacagtct 300
gggtgaccag 360
acctatcacc 420
tctgcegtgy 480
aatcgttggt 540

50



atcgatgctyg

gaagcggtaa

accaaattct

ggtctgactg

ggtgcattct

tatgtcgcga

tacgcaatcyg

gtgccttetyg

ctgattcaga

tttggtegty

gccggtcotga

tcgagectttce

tggaagagat

tcatcaaccc

gtcgtaaaat

ctggtaaaga

aaaacatcgt

gcgtggcetga

aacaactgac

tgctggatct

aacatttccc

agtaa

«<210> SEQ ID NO 28

<211> LENGTH:
«212> TYPERE:

1154
DNA

51

cactcagcac
catcaagcca
gaccggtcgt
tatcgttgat
tccatcaaaa
tgctgcectggc
accgacctcc
cctgetggta

gctgcacccy

gtgggaaaaa

US 10,179,925 B2

tctgaagaga

attctgcccyg

ttegttateg

acctacggcy

gtggaccgtt

ctggccgatc

atcatggtag

cgtgagttcet

atctacaaag

accgacaaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 28

atggcaaaac

gaccaaattt

gcttgcgaaa

gcctgggtag

tccgacatgy

cctgacatca

ggtctgatgt

tatgcacacc

ctgcgceccgy

atcgatgctyg

gaagcggtaa

accaaattct

ggtctgactyg

ggtgcattct

tatgtcgcga

tacgcaatcy

gtgccttetyg

ctgattcaga

tttggtcgtyg

ccggtcetgaa

acctttttac

ctgatgccgt

cctacgtaaa

acatcgaaga

gctttgacgc

accagggcgt

ttggctacgc

gtctggtaca

acgcgaaaag

tcgtgetttc

tggaagagat

tcatcaaccc

gtcgtaaaat

ctggtaaaga

aaaacatcgt

gegtggetga

aacaactgac

tgctggatct

aacatttccc

gtaa

<210> SEQ ID NO 29

<211> LENGTH:
<212> TYPERE:

308
PRT

gtccgagtcc

tttagacgcy

aaccggcatyg

gatcacccgt

taactcctgt

tgaccgtgcc

aactaatgaa

gcgtcaggcet

ccaggtgact

cactcagcac

catcaagcca

gaccggtcgt

tatcgttgat

tccatcaaaa

tgctgetggc

accgacctcce

cctgectggta

gctgcacccy

gtgggaaaaa

<2123> ORGANISM: Egcherichia colil

gtctctgaag

atcctcecgaac

gttttagttg

aacaccgttce

gcggttcectga

gatccgetgy

accgacgtgc

gaagtgcgta

tttcagtatg

tctgaagaga

attctgcceyg

ttcgttateg

acctacggcy

gtggaccgtt

ctggccgatc

atcatggtag

cgtgagttcet

atctacaaag

accgacaaag

-contilnued

tcgaccagaa atcgctgcaa 600
ctgaatggct gacttctgcc 660
gtggcccaat gggtgactgc 720
gcatggcgcyg tcacggtggc 780
ccgcagecta cgcagcacgt 840
gttgtgaaat tcaggtttcc 500
aaactttcgg tactgagaaa 960
tcgacctgeyg cccatacggt 1020
aaaccgcagce atacggtcac 1080
cgcagctgcet gcgcecgatgcet 1140

1155

Synthetic

ggcatcctga caaaattgcet 60
aggatccgaa agcacgcgtt 120
gcggcgaaat caccaccagc 180
gcgaaattgg ctatgtgcat 240
gcgctatcecgyg caaacagtct 300
aacagggcgce gggtgaccag 360
tgatgccagc acctatcacc 420
aaaacggcac tctgccgtgg 480
acgacggcaa aatcgttggt 540
tcgaccagaa atcgctgcaa 600
ctgaatggct gacttctgcec 660
gtggcccaat gggtgactgc 720
gcatggcgceg tcacggtggce 780
ccgcagceccta cgcagcacgt 840
gttgtgaaat tcaggtttcc 900
aaactttcgg tactgagaaa 960
tcgacctgcg cccatacggt 1020
aaaccgcagce atacggtcac 1080
cgcagctgcet ggcgatgcetyg 1140

1154
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<400> SEQUENCE:

Met Pro Ile Arg

1

Glu

Ile

Glu

Val

65

Pro

ASp

Val

Glu

Val

145

Thr

Ala

Ile

ASp

225

Thr

ASP

Arg

Asn

Pro
305

Glu

Arg

Thr

50

ASpP

ala

Gln

Glu

Trp

130

Gln

Glu

Leu

2la

Leu

210

Leu

Val

2la

Tyr

290

Thr

Agn

Pro

35

Glu

Tle

Glu

Agn

Phe

115

Ser

Ala

Leu

ASP

195

Ala

Arg

Ala

Pro

Ser

275

Leu

Val

20

Leu

Agn

Gln

His

Phe

100

Agn

Ala

Leu

Thr

180

Phe

Glu

Tle

Gln

Tyr

260

Trp

Val

ASP

29

Val

Phe

Gln

Leu

Leu

85

Asp

AsSp

Asp

Leu

Ser

165

Pro

Thr

2la

Glu

245

Asn

<210> SEQ ID NO 30

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Lys His

1

Asp Lys Ile Ala

20

Glu Gln Asp Pro

35

384

Pro

Vval

Val

Phe

Leu

70

AsSn

Gly

Val

Hig

Agn

150

Gly

Gly

Ala

Glu

Phe

230

Phe

Ser

Gln

53

Asp
Met
Leu
Leu
55

Arg
Asn
Leu
Ala
Val
135
Tle
Val
Phe
Ala
Glu
215
Val
Phe
Phe
Hisg

Tle
295

Egscherichia

30

Leu Phe Thr

5

Asp Gln Ile

Lys Ala Arg

Glu

Thr

Ile

40

AT

Tle

Phe

Tle

Tyr

120

Thr

Leu

ASpP

Leu
200

Gly

Thr

ATrg

Pro

Gly

280

Thr

colil

Leu

Thr
25
Leu

Leu

ASDP

Val
105

Trp

Ser

Glu

ASP

185

Tle

ASP

Gly

ASP

Hig

265

Agn

Pro

Pro

10

Ser

Agn

Leu

Ser

Cys

50

Thr

Pro

Thr

Gly

His

170

Sexr

2la

His

Val

250

Agn

Leu

US 10,179,925 B2

Ala

Arg

Leu

Ser

ATrg

75

Asn

Gly

Gln

Leu

Tle

155

His

Phe

ASpP

Pro

235

Glu

ASDP

Leu

ASpP

-continued

Val

Ala

Met

AsSn

60

Glu

Phe

Ala

Tle

Phe

140

Pro

Ile

Leu

Leu

220

Glu

Ala

Pro

Phe

Leu
200

Ser Glu Ser Val Ser

10

Ser Asp Ala Val Leu

25

Val Ala Cys Glu Thr

40

Asn

Ser

Pro

45

Ser

Ser

Glu

Pro

Lys

125

Val

Leu

Ala

Thr

205

Phe

Gly

Gln

Thr

285

Arg

Glu

Asp

Tyr
45

Phe

Gly

30

Pro

ATrg

ASP

Leu

110

Gln

Gln

His

His

120

ASP

Ala

ASP

Leu

Agn

270

Agn

His

Gly

Ala
20

Val

Leu
15

Gln

Leu

Agn

Ile

55

Gly

Val

Trp

Thr

Pro

175

Ser

Leu

Ser

2la

ASpP

255

Thr

Trp

Met

His
15

Ile

Lys

Glu

Ile

Gln

Thr

80

Gln

Leu

Leu

2la

Arg

160

His

Arg

Glu

Gln

240

Pro

Pro

Leu

Agn

Pro

Leu

Thr

54



Gly

Tle

65

Ser

Gly

Leu

Asn

Leu

145

Leu

Glu

Tle

225

Gly

ATg

Arg

Ala

Val

305

Val

ATrg

Glu

Met
50
Glu

ASpP

Glu

Glu

130

Val

Arg

Ile

Tle

Pro

210

AgSh

Leu

Hig

Ser

Gly

290

Ala

Pro

Pro

Glu

Lys
370

Val

Glu

Met

Gln

Gln

115

Thr

Gln

Pro

Val

ASP

195

Ile

Pro

Thr

Gly

Ala

275

Leu

Glu

Ser

Thr
355

Thr

Leu

Tle

Gly

Ser

100

Gly

ASP

ATrg

ASP

Gly

180

Gln

Leu

Thr

Gly

Gly

260

Ala

Ala

Pro

Glu

Gly

340

Ala

ASDP

Val

Thr

Phe

85

Pro

2la

Val

Gln

Ala

165

Ile

Pro

Gly

Arg

245

Gly

AsSp

Thr

Gln
325

Leu

Ala

<210> SEQ ID NO 31

<211> LENGTH:

Gly

ATrg

70

ASP

ASP

Gly

Leu

Ala

150

ASP

Ser

Ala

ATrg

230

Ala

Ala

ATrg

Ser

310

Leu

ITle

Ala

3

Gly
55

Asn
Ala
Tle
AsSp
Met
135
Glu
Ser
Ala
Leu
Glu
215
Phe
Tle
Phe
bAla
Cys
295
Tle
Thr
Gln

Gly

Gln
375

Glu

Thr

Agn

Agh

Gln

120

Pro

Val

Gln

Val

Gln

200

Trp

Val

Tle

Ser

Arg

280

Glu

Met

Leu

Met

His

360

Leu

Ile

Val

Ser

Gln

105

Gly

Ala

Arg

Val

Val

185

Glu

Leu

Tle

Val

Gly

265

Tle

Val

Leu

Leu

345

Phe

Leu

Thr

Arg

Cys

S0

Gly

Leu

Pro

Thr

170

Leu

2la

Thr

Gly

ASp

250

Val

Gln

Glu

Val

330

ASpP

Gly

Arg

US 10,179,925 B2

Thr

Glu

75

Ala

Val

Met

Ile

Asnh

155

Phe

Ser

Val

Ser

Gly

235

Thr

ASDP

Ala

Val

Thr

315

ATrg

Leu

Arg

ASpP

-continued

Ser

60

Tle

Val

ASDP

Phe

Thr

140

Gly

Gln

Thr

Met

Ala

220

Pro

Pro

Ser

300

Phe

Glu

Leu

Glu

Ala
380

Ala

Gly

Leu

Arg

Gly

125

Thr

Gln

Glu

205

Thr

Met

Gly

Ser

AsSn

285

Gly

Phe

His

His

365

Ala

Trp

Ser

Ala

110

Ala

Leu

ASP

Hig

120

Glu

Gly

Gly

Lys

270

Tle

Ala

Thr

Phe

Pro

350

Phe

Gly

930

<212> TYPE: DNA

<2123> ORGANISM: Egcherichia

<400> SEQUENCE: 31

atgccgattc

tttgtgatga

cttaacctga

tcacctttgc

gtgtgccgga

caacttcttyg

tgccgaagaa

aggtcgatat

colil

cgagctaccc

tgcgtcetggt

gattgaaact

tcagctgttyg

gccgtcaatt

caggaaattc

gaaaatcagt

cgcatcgatt

tcttgcgtga

gtccacttaa

ttctgegect

ccegtgaatce

Val

Val

2la

S5

ASpP

2la

Hisg

Pro

ASP

175

Ser

Tle

Phe

ASpP

Met

255

Val

Val

Tle

Glu

ASP

335

Ile

Pro

Leu

ASpP

His

80

Ile

Pro

Thr

ATrg

Trp

160

Gly

Glu

Tle

Phe

Cys

240

b2la

ASpP

Ala

Gly

Lys

320

Leu

agaaaacgtc

ggttctgatc

gCctttcaaac

gcgcaacacyg

60

120

180

240

56



ccocgcecagagce

gacggtttga

tggccgcaga

gtCthtggg

accyaadaaac

cgtggctttyg

ttgattcgtyg

ctgtttgcca

caaacgctgy

tataactatt

ggtaatttac

ctacggcaca

atctgaacaa

ttgtaactgyg

tcaaacaggt

cggtacaggc

tctcectggegt

atgattcatt

attacaccga

gtaaagataa

cgcaggaatt

tcccgcacaa

tgtttaccaa

tgaatccaac

<210> SEQ ID NO 32

<211> LENGTH:
«212> TYPERE:

1155
DNA

S7

cttctactgt
tgcgccogcetyg
gctggagtgyg
cgcgctcaat
ttacgagcat
cctggcaccy
tctggaaatt
gcgcattgec
tttccgecgat
tgatccgcaa
ctggctcaac

gctggattaa

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 32

atggcaaaac

gaccaaattt

gcttgcgaaa

gcctgggtag

tccgacatgy

cctgacatca

ggtctgatgt

tatgcacacc

ctgcgcecegy

atcgatgcty

gaagcggtaa

accaaattct

ggtctgactg

ggtgcattct

tatgtcgcga

tacgcaatcyg

gtgccttety

ctgattcaga

tttggtcgtyg

gccggtcetga

acctttttac

ctgatgccgt

cctacgtaaa

acatcgaaga

gctttgacgc

accagggcgt

ttggctacgc

gtctggtaca

acgcgaaaag

tegtgettte

tggaagagat

tcatcaaccc

gtcgtaaaat

ctggtaaaga

aaaacatcgt

gcgtggcetga

aacaactgac

tgctggatct

aacatttccc

agtaa

<210> SEQ ID NO 33

<211> LENGTH:
<212> TYPERE:

642
DNA

gtccgagtcc

tttagacgcy

aaccggcatyg

gatcacccgt

taactcctgt

tgaccgtgcc

aactaatgaa

gcgtcaggcet

ccaggtgact

cactcagcac

catcaagcca

gaccggtcgt

tatcgttgat

tccatcaaaa

tgctgcectggc

accgacctcc

cctgetggta

gctgcacccy

gtgggaaaaa

US 10,179,925 B2

aactttgaag

ggcctggtgg

tcgaaagatc

atcctctacg

catattctcc

cattcgcgcet

ctggcagaga

tttgtgacgy

gtggaagccyg

aatacaccgc

tattacgtcet

gtctctgaag

atcctcgaac

gttttagttg

aacaccgttc

gcggttcotga

gatccgetgyg

accgacgtgc

gaagtgcgta

tttcagtatg

tctgaagaga

attctgcccy

ttegttateg

acctacggcy

gtggaccgtt

ctggccgatc

atcatggtag

cgtgagttcet

atctacaaag

accgacaaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

-continued

atattcagga

agtttaatga

acgtcacctc

gcattcctaa

atcctcatgc

atgctgactt

cgdaagaady

gccatcccga

gactagaccc

gagcgagcetyg

accagatcac

ggcatcctga

aggatccgaa

gcggcgaaat

gcgaaattgg

gcgctatcgyg

aacagggcgc

tgatgccagc

aaaacggcac

acgacggcaa

tcgaccagaa

ctgaatggct

gtggcccaat

gcatggcgcg

ccgcagcecta

gttgtgaaat

aaactttcgg

tcgacctgeyg

aaaccgcagc

cgcagctget

tcagaacttt

tgtcgcecttac

gacgctgttt

gcaaactcgc

gcttctgacy

tccggcagceg

ggatgcatat

atatgatgcg

ggatgtaccyg

gcgtagtcac

gccatacgat

caaaattgct

agcacgcgtt

caccaccayc

ctatgtgcat

caaacagtct

gggtgaccag

acctatcacc

tctgccgtygy

aatcgttggt

atcgctgcaa

gacttctgcc

gggtgactgc

tcacggtggce

cgcagcacgt

tcaggtttcce

tactgagaaa

cccatacggt

atacggtcac

gcgcgatgcet

300

360

420

480

540

600

660

720

780

840

500

930

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1155

58



59
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-continued
«223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 33
gatatccagt tgacccagtc cccgagcectcece ctgtceccecgect ctgtgggcega tagggtcacc 60
atcacctgca gcgcaagtca ggatattagce aactatttaa actggtatca acagaaacca 120
ggaaaagctc cgaaagtact gatttacttc acctcecctcete tceccactcetgg agtcecceccttet 180
cgettetcetg gatceccggtte tgggacggat ttcactcectga ccatcagcag tcectgcagceca 240
gaagacttcg caacttatta ctgtcaacag tatagcaccg tgccgtggac gtttggacag 300
ggtaccaagyg tggagatcaa acgaactgtg gctgcaccat ctgtcecttcat cttcecccgeca 360
tctgatgage agttgaaatc tggaactgcet tcectgttgtgt gecctgcectgaa taacttcetat 420
cccagagagg ccaaagtaca gtggaaggtg gataacgceccce tccaatcggg taactcccag 480
gagagtgtca cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacg 540
ctgagcaaag cagactacga gaaacacaaa gtctacgcct gcgaagtcac ccatcagggc 600
ctgagctcgc ccgtcacaaa gagcttcaac aggggagagt gt 642
<210> SEQ ID NO 34
<211> LENGTH: 693
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 34
gaggttcagce tggtggagtc tggcecggtggce ctggtgcage cagggggcetce actceccogtttyg 60
tcctgtgcag cttectggcecta cgacttcacg cactacggta tgaactgggt ccgtcaggcec 120
ccgggtaagg gectggaatg ggttggatgg attaacacct ataccggtga accgacctat 180
gctgecggatt tcaaacgtcg tttcactttt tcectttagaca cctccaaaag cacagcatac 240
ctgcagatga acagcctgcecg cgcectgaggac actgcececgtcet attactgtge aaagtacccg 300
tactattatg ggacgagcca ctggtatttc gacgtctggg gtcaaggaac cctggtcacc 360
gtctectegyg cctceccaccaa gggcecccatceg gtcetteccee tggcaccecte ctcecaagagc 420
acctctgggg gcacagceggce cctgggcetge ctggtcaagg actacttcecece cgaaccggtg 480
acggtgtcgt ggaactcagg cgccctgacce ageggcegtgce acaccttcecece ggcectgtcecta 540
cagtcctcag gactctacte cctcagcage gtggtgaccg tgccecctceccag cagcettgggce 600
acccagacct acatctgcaa cgtgaatcac aagcccagca acaccaaggt cgacaagaaa 660
gttgagccca aatcttgtga caaaactcac ctc 693
<210> SEQ ID NO 35
<211> LENGTH: 19
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
<400> SEQUENCE: 35

Leu Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr His Tyr Gly Met Asn

1

Trp Val Arg

5

10

15
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61

-continued

<210> SEQ ID NO 36

<211> LENGTH: 11

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 36

Ser Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 37

Ala Ser Gly Tyr Thr Phe Thr Asn Tyr Gly Met Asn Trp Val Arg
1 5 10 15

<210> SEQ ID NO 38

<211> LENGTH: 27

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 38

Gln Ala Pro Gly Gln Gly Leu Glu Trp Met Gly Trp Ile Asn Thr Tyr
1 5 10 15

Thr Gly Glu Thr Thr Tyvr Ala Asp Asp Phe Lys
20 25

<210> SEQ ID NO 39

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 39

Val Thr Ile Thr Cys Ile Thr Ser Thr Asp Ile Asp Asp Asp Met Asn
1 5 10 15

Trp Tyr Gln Gln Lys Pro Gly Lys
20

<210> SEQ ID NO 40
<«211> LENGTH: 16
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 40

Gly Leu Glu Trp Val Gly Met Ile Asp Pro Ser Asn Ser Asp Thr Arg
1 5 10 15

<210> SEQ ID NO 41
<211> LENGTH: 11
«212> TYPE: PRT

62
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63

-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 41

Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg
1 5 10

<210> SEQ ID NO 42

<211> LENGTH: 7

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 42

Asp Thr Leu Met Ile Ser Arg
1 5

<210> SEQ ID NO 43

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 43

Glu Glu Met Thr Lys
1 5

<210> SEQ ID NO 44

<211> LENGTH: 23

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 44

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
1 5 10 15

Hig Asn His Tyr Thr Gln Lys
20

<210> SEQ ID NO 45

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 45

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg

<210> SEQ ID NO 46

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

64



<400> SEQUENCE:

Asp Ile Gln Leu

1

ASp

Leu

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Phe

<210>
<211>
«212>
<213>
<220>
<223>

<400>

Arg

Agn

Phe

50

Gly

ASpP

Phe

Ser

2la

130

Val

Ser

Thr

Agn
210

Val

Trp

35

Thr

Ser

Phe

Gly

Val

115

Ser

Gln

Val

Leu

Glu

195

ATrg

Thr

20

Ser

Gly

Ala

Gln

100

Phe

Val

Trp

Thr

Thr

180

Val

Gly

PRT

46

Thr

Tle

Gln

Ser

Thr

Thr

85

Gly

Tle

Val

Glu
165

Leu

Thr

Glu

SEQ ID NO 47
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

231

polypeptide

SEQUENCE :

Glu Val Gln Leu

1

Ser

Gly

Gly

Lys

65

Leu

Ala

Trp

Leu

Met

Trp
50

Arg

Gln

Gly

ATrg
Asn

35

Ile

Arg

Met

Gln
115

Leu
20

Trp

Agn

Phe

Agn

Pro

100

Gly

477

Vval
5

Ser

Val

Thr

Thr

Ser
85

Thr

Gln

Thr

Gln

Leu

ASpP

70

Thr

Phe

Vval
150
Gln

Ser

His

Glu

Phe
70

Leu

Leu

65

Ser

Hig
55

Phe

Pro
Leu
135

Asp

Asp

Gln

Ser
Ala

Gln

Thr
55

Ser

Arg

Val

Pro

Ser

Pro

40

Ser

Thr

Val

Pro

120

Leu

Agn

Ser

Ala

Gly
200

Gly

Ala

Ala

40

Gly

Leu

Ala

Gly

Thr
120

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu

105

Ser

Agn

Ala

ASP
185

Leu

Gly
Ser
25

Pro

Glu

ASDP

Glu

Thr

105

Val

Ser
10

Ser

Val

Thr

Gln

50

Tle

ASp

Agn

Leu

ASpP

170

Ser

Gly

10

Gly

Gly

Pro

Thr

ASp
S0

Ser

Ser

US 10,179,925 B2

Leu

Gln

Ala

Pro

ITle
75

Glu

Phe

Gln

155

Ser

Glu

Ser

Artificial Sequence:

Leu

Thr

Ser

75

Thr

His

Ser

-continued

Ser

ASD

Pro

Ser

60

Ser

Ser

ATYg

Gln

Tvr

140

Ser

Thr

Pro

Val

ASpP

Gly

Tvr

60

Ala

Trp

Ala

Ala

Tle

Lys

45

Arg

Ser

Thr

Thr

Leu

125

Pro

Gly

His

Vval
205

Gln

Phe

Leu

45

Ala

Ser

Val

Ser
125

Ser

Ser

30

Val

Phe

Leu

Val

Val
110

ATrg

Agn

Ser

Lys

120

Thr

Pro

Thr
20

Glu

Ala

Thr

Phe
110

Thr

Val

15

Agn

Leu

Ser

Gln

Pro

55

2la

Ser

Glu

Ser

Leu

175

Val

Gly

15

His

Trp

ASP

2la

Tyr
o5

ASP

Gly

Ile

Gly

Pro

80

Trp

Ala

Gly

2la

Gln

160

Ser

Ser

Synthetic

Gly

Val

Phe

Tyr
80

Val

Gly

06



Pro

Thr

145

Thr

Pro

Thr

Asn

Ser
225

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

Ser

130

2la

Val

Ala

Val

His
210

Val

Ala

Ser

Val

Pro

195

ASP

Phe

Leu

Trp

Leu

180

Ser

Pro

PRT

Pro

Gly

Asn

165

Gln

Ser

Ser

Thr

SEQ ID NO 48
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

214

polypeptide

SEQUENCE :

Asp Ile Gln Val

1

ASpP

Met

Ser

Ser

65

Glu

Thr

Pro

Thr

Lvs

145

Glu

Ser

Ala

Phe

Arg

Agn

Gly

50

Gly

ASpP

Phe

Ser

2la

130

Val

Ser

Thr

Agn
210

Val

Trp

35

Gly

Ser

Val

Gly

Val

115

Ser

Gln

Val

Leu

Glu
195

Thr
20

Agn

Gly

Ala

Gln

100

Phe

Val

Trp

Thr

Thr
180

Val

Gly

48

Thr

5

ITle

Gln

Thr

Thr

Thr

85

Gly

Tle

Val

Glu
165

Leu

Thr

Glu

<210> SEQ ID NO 49

<211> LENGTH:

«212> TYPERE:

PRT

223

Leu

Cys

150

Ser

Ser

Ser

Asn

His
230

Gln

Thr

Gln

Leu

ASpP

70

Thr

Phe

Val
150

Gln

Ser

His

67

Ala
135
Leu
Gly
Ser
Leu
Thr

215

Leu

Ser

Arg
55

Phe

Pro
Leu
135

Asp

AsSp

Gln

Pro

Val

2la

Gly

Gly
200

Pro

Tle

Pro

40

Pro

Thr

Val

Pro

120

Leu

Agh

Ser

Ala

Gly
200

Ser

Leu
Leu
185

Thr

Val

Ser

Thr
25

Gly

Gly

Leu

Leu

Glu

105

Ser

Agn

Ala

ASP
185

Leu

Ser

ASp

Thr

170

Gln

ASpP

Ser
10

Sexr

Val

Thr

Gln

S0

Ile

ASp

Agn

Leu

ASp
170

Ser

US 10,179,925 B2

Tyr
155

Ser

Ser

Thr

Artificial Sequence:

Leu

Thr

Val

Pro

Tle
75

Ser

Glu

Phe

Gln

155

Ser

Glu

Ser

-continued

Ser

140

Phe

Gly

Leu

Tyr

Lys
220

Ser

ASDP

Pro

Ser

60

Ser

ASpP

ATYJ

Gln

Tyr

140

Ser

Thr

Pro

Thr

Pro

Val

Ser

Tle

205

Val

Ala

ITle

Lys

45

Arg

Ser

Ser

Thr

Leu

125

Pro

Gly

His

Vval
205

Ser

Glu

His

Ser

120

Glu

Ser

ASP

30

Leu

Phe

Leu

Leu

Val

110

ATrg

AgSh

Ser

Lys
190

Thr

Gly

Pro

Thr

175

Val

Agn

Pro

Val

15

ASpP

Leu

Ser

Gln

Pro

S5

ala

Ser

Glu

Ser

Leu
175

Val

Gly

Val

160

Phe

Val

Val

Synthetic

Gly

ASp

Tle

Gly

Pro

80

Ala

Gly

b2la

Gln

160

Ser

Ser

08



69

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Gly

Gly

Lys

65

Leu

Glu

Val

Ser

Lvs

145

Leu

Leu

Thr

Val

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Val

Met

Trp

50

Gly

Gln

Arg

Ser

Ser

130

ASp

Thr

Gln

ASpP
210

Lys

Agn

35

Ile

Arg

Ile

Glu

Ser
115

Ser

Ser

Thr
195

Val

20

Trp

Agn

Phe

Ser

Gly

100

Ala

Ser

Phe

Gly

Leu
180

PRT

49

Val

5

Ser

Val

Thr

Vval

Ser

85

Gly

Ser

Thr

Pro

Val

165

Ser

Tle

Val

SEQ ID NO 50
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

220

polypeptide

SEQUENCE :

Asp Ile Gln Met

1

ASp

Ser

Ala

Pro
6h

Tle

ATrg

Sexr

Pro

50

Ser

Sexr

Tvyr

Val

Gln

35

ATrg

Ser

Ala

Thr
20

Lys

Leu

Phe

Leu

50

Thr
5

Tle

Agh

Leu

Ser

Gln

85

Pro

Gln

Phe

70

Leu

Val

Thr

Ser

Glu

150

Hisg

Ser

Glu

Gln

Thr

Tyr

Tle

Gly

70

Pro

Trp

Ser

Gln
Thr
55

Ser

Asn

Gly
135

Pro

Thr

Val

Asn

Pro
215

Ser

Leu

Tvr

55

Ser

Glu

Thr

Gly

Ala

Ala

40

Gly

Leu

2la

Agn

Gly

120

Gly

Val

Phe

Val

Val
200

Pro

Ala
40

Trp

Gly

ASpP

Phe

Pro

Ser

25

Pro

Glu

ASDP

Glu

Trp

105

Pro

Thr

Thr

Pro

Thr

185

Agn

Ser

Ser

Ser
25

Trp

Ala

Ser

Phe

Gly

Glu

10

Gly

Gly

Thr

Thr

ASpP

90

Gly

Ser

2la

Val

2la

170

Val

His

Ser
10

Ser

Ser

Gly

Ala
Q0

Gln

US 10,179,925 B2

Artificial Sequence:

Leu

Gln

Thr

Ser

75

Thr

Gln

Val

Ala

Ser

155

Val

Pro

ASpP

Artificial Sequence:

Leu

Gln

Gln

Thr

Thr

75

Thr

Gly

-continued

Thr

Gly

Tvr

60

Val

Ala

Gly

Phe

Leu

140

Trp

Leu

Ser

Pro

Lys
220

Ser

Ser

Gln

AYg
60

ASDP

Thr

Phe

Leu

45

Ala

Ser

Val

Thr

Pro

125

Gly

Agh

Gln

Ser

Ser

205

Thr

Ala

Leu

Lys

45

Glu

Phe

Tyr

Pro

Thr
20
Glu

ASP

Thr

Leu
110

Leu

Ser

Ser

Ser

120

Agn

His

Ser

Leu
30

Pro

Ser

Thr

Val

Gly

15

AgSh

Trp

ASP

2la

Tyr

o5

Val

2la

Leu

Gly

Ser

175

Leu

Thr

Thr

Val
15

Gly

Gly

Leu

Gln

55

Glu

Synthetic

2la

Met

Phe

Tyzr

80

Thr

Pro

Val

Ala

160

Gly

Gly

Synthetic

Gly

Thr

Val
Thr
80

Gln

Tle



Glu

Phe

145

Gln

Ser

Glu

Ser

<210>
<211>
<212 >
<213>
<220>
<223>

ATy

Gln

130

Ser

Thr

Pro
210

Thr
115

Leu

Pro

Gly

His
195

Val

100

Val

ATy

Agn

Ser
180

Thr

PRT

Ala

Ser

Glu

Ser

165

Leu

Vval

SEQ ID NO 51
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

449

polypeptide

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Trp

Gly

Lys

65

Leu

Ala

Thr

Pro

Gly

145

AsSn

Gln

Ser

Ser

Thr
225

Leu

Leu

Met

50

ASpP

Gln

Thr

Leu

Leu

130

Cys

Ser

Ser

Ser

Agn
210

His

ATrg

Hig

35

Tle

ATrg

Met

Val
115
Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Leu

20

Trp

ASDP

Phe

Agnh

ATrg

100

Thr

Pro

Val

Ala

Gly
180

Gly

51

Val

5

Ser

Val

Pro

Thr

Ser

85

Ser

Val

Ser

Leu

165

Leu

Thr

Val

Pro

Ala

Gly

Ala

150

Gln

Ser

Ser

Glu

ATg

Ser

Tle

70

Leu

Ser

Ser

ASpP

150

Thr

Gln

ASP

Pro
230

71

Pro
Thr
135
Glu
Ser
Ala

Phe
215

sSer
Ala
Gln
Asn
55

sSer
Arg
Val
Ser
Lys

135

Ser

Ser

Thr

Lys
215

Ser

120

Ala

Val

Ser

Thr

Cys

200

Agn

Gly

Ala

Ala

40

Ser

Ala

Ala

Thr

2la

120

Ser

Phe

Gly

Leu

Tyr
200

Pro

105

Val

Ser

Gln

Val

Leu

185

Glu

Gly

Ser

25

Pro

ASDP

ASP

Glu

Pro

105

Ser

Thr

Pro

Val

Ser

185

Tle

Val

Ala

Phe

Val

Trp

Thr

170

Thr

Val

Gly

Gly

10

Gly

Gly

Thr

Thr

ASp

50

Leu

Thr

Sexr

Glu

Hisg

170

Ser

Glu

Pro

US 10,179,925 B2

ITle

Val

Liys

155

Glu

Leu

Thr

Glu

Artificial Sequence:

Leu

Arg

Ser
75

Thr

ASpP

Gly

Pro
155

Thr

Val

Agn

Pro

Glu
235

-continued

Phe

Cys

140

Val

Gln

Ser

Hig

Cvys
220

Val

Thr

Gly

Phe

60

Ala

Gly
Gly
140

Val

Phe

Val

Val

Lys

220

Leu

Pro
125
Leu

Asp

Asp

Gln
205

Gln

Phe

Leu

45

AsSn

AsSn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

AsSn

205

Ser

Leu

110

Pro

Leu

AgSh

Ser

Ala

120

Gly

Pro

Thr

30

Glu

Pro

Thr

Gly

110

Ser

Ala

Val

Ala
Val
190

His

Gly

Ser

Agn

Ala

Lys

175

ASP

Leu

Gly

15

Ser

Trp

Agn

2la

Tyr

55

Gln

Val

Ala

Ser

Val
175

Pro

ASP

Gly

ASDP

Agn

Leu

160

ASp

Ser

Synthetic

Gly

Val

Phe

Tyr

80

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Pro
240

72



Ser

ATrg

Pro

Ala

Val

305

Thr

Leu

Ser
385

ASp

Ser

Ala

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

Val

Thr

Glu

Lys

290

Ser

Ile

Pro

2la

370

Agn

Ser

Arg

Leu

Phe

Pro

Val
275
Thr

Val

Ser

Pro

355

Val

Gly

ASP

Trp

His
435

Leu

Glu
260

Leu

Lys
340

Ser

Gln

Gly

Gln

420

Agnh

PRT

Phe

245

Val

Phe

Pro

Thr

Vval

325

Ala

Gly

Pro

Ser

405

Gln

His

SEQ ID NO b2
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of

227

polypeptide

SEQUENCE :

Agsp Lys Thr His

1

Gly

Tle

Glu

His

65

Arg

Glu

Pro

Sexr

ASpP

50

Agn

Val

Glu

Thr
120

Ser

35

Pro

Ala

Val

Thr
115

Leu

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

52

Thr

5

Phe

Pro

Vval

Thr

Vval

85

Ser

Pro

Pro

Thr

Agn

ATg

Val

310

Ser

Glu

Phe

Glu

390

Phe

Gly

Leu

Glu

Lys
70

Leu

Ser

73

Pro

Trp
Glu
295
Leu
ASn
Gly
Glu
Tvyr
375
Asn
Phe

Asn

Thr

Pro
Phe
Val
Phe

55

Pro

Thr

Val

Ala

Arg
135

Val
Tyr
280

Glu

Hig

Gln

Met

360

Pro

Agn

Leu

Val

Gln
440

Pro

Pro

Thr

40

Agn

ATy

Val

Ser

Lys

120

Glu

Pro

Val

265

Val

Gln

Gln

Ala

Pro

345

Thr

Ser

Val

Phe
425

Trp

Glu

Leu

Agn

105

Gly

Glu

Lys
250
Val

ASp

ASDP

Leu
230

Arg

Ser
4710

Ser

Sexr

Pro
10

Val

Glu

His
S0

Gln

Met

US 10,179,925 B2

ASpP

ASp

Gly

Agnh

Trp

315

Pro

Glu

Asnh

ITle

Thr
395

Leu

Artificial Sequence:

Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

-continued

Thr Leu Met Ile

Val

Val

Ser

300

Leu

Ala

Pro

Gln

Ala

380

Thr

Leu

Ser

Ser

Pro

Val

ASpP
60

ASD

Leu

ATYJ

Lys
140

Ser

Glu

285

Thr

Asn

Pro

Gln

val

365

Val

Pro

Thr

Val

Leu
445

Glu

Asp

Asp

45

Gly

Asn

Trp

Pro

Glu

125

AsSn

His
270

Val

Gly

Tle

Val

350

Ser

Glu

Pro

Val

Met

430

Ser

Leu

Thr

30

Val

Val

Ser

Leu

Ala
110

Pro

Gln

255

Glu

His

Arg

Glu

335

Leu

Trp

Val

ASpP

415

His

Pro

Leu

15

Leu

Ser

Glu

Thr

Agn

55

Pro

Gln

Val

Ser

ASpP

Agn

Val

Glu
320

Thr

Ser

Glu

Leu
400

Glu

Gly

Synthetic

Gly

Met

His

Val

Tyr

80

Gly

Tle

Val

Ser

74



Leu

145

Trp

Val

ASP

His

Pro
225

Trp

Glu

Leu

Glu
210

Gly

Ser

ASP

Ser

195

Ala

Leu

Agn

Ser

180

ATg

Leu

Val

Lys
150

Gly Gln

165

Asp

Trp

Hig

Gly

Gln

AsSn

7S

Gly
Pro
Ser
Gln

Hig
215

Phe

Glu

Phe

Gly
200

Agn

Phe
185

Agn

Thr

Pro

Agn

170

Leu

Val

Gln

US 10,179,925 B2

Ser

155

Tyr

Tyr

Phe

Liys

76

-continued

Asp Ile Ala Val

Lys

Ser

Ser

Ser
220

Thr

Lys

Cys

205

Leu

What 1s claimed 1s:

1. An E. coli host cell comprising a mutant metA allele,
wherein the mutant metA allele comprises a nucleic acid
sequence selected from the group consisting of SEQ ID

NO:23, SEQ ID NO:24, SEQ ID NO:25, and SEQ ID
NO:26, wherein the E. coli host cell further comprises a
nucleic acid encoding an anti-Factor D antibody or an
anti-Factor D antibody fragment.

2. The £. coli host cell of claim 1, wherein the nucleic acid
encoding the anti-Factor D antibody or the anti-Factor D
antibody fragment 1s selected from the group consisting of
a nucleic acid encoding the amino acid sequence of SEQ ID
NO:48, and a nucleic acid encoding the amino acid sequence
of SEQ ID NO:49.

3. The E. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:23.

4. The E. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:24.

5. The E. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NQO:23.

6. The E. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NQO:26.

7. The E. coli host cell of claim 2, wherein the nucleic acid
encoding the anti-Factor D antibody or the anti-Factor D

antibody fragment 1s the nucleic acid encoding the amino
acid sequence of SEQ ID NO:48.

8. The £. coli host cell of claim 2, wherein the nucleic acid
encoding the anti-Factor D antibody or the anti-Factor D

Thr Pro

Leu Thr

120

Ser Val

Ser Leu

20

25

30

35

40

45

Glu
160

Pro
175

Val
Met

Ser

antibody fragment 1s the nucleic acid encoding the amino

acid sequence of SEQ 1D NO:49.

9. The £. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:24, and wherein the nucleic acid encoding the anti-
Factor D antibody or the anti-Factor D antibody fragment 1s

the nucleic acid encoding the amino acid sequence of SEQ
ID NO:48 and the nucleic acid encoding the amino acid
sequence of SEQ ID NO:49.

10. The £. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:23, and wherein the nucleic acid encoding the anti-
Factor D antibody or the anti-Factor D antibody fragment 1s
the nucleic acid encoding the amino acid sequence of SEQ
ID NO:48 and the nucleic acid encoding the amino acid
sequence of SEQ 1D NO:49.

11. The E. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:25, and wherein the nucleic acid encoding the anti-
Factor D antibody or the anti-Factor D antibody {fragment 1s
the nucleic acid encoding the amino acid sequence of SEQ
ID NO:48 and the nucleic acid encoding the amino acid
sequence of SEQ ID NO:49.

12. The £. coli host cell of claim 1, wherein the mutant
metA allele comprises the nucleic acid sequence of SEQ 1D
NO:26, and wherein the nucleic acid encoding the anti-
Factor D antibody or the anti-Factor D antibody fragment 1s
the nucleic acid encoding the amino acid sequence of SEQ

ID NO:48 and the nucleic acid encoding the amino acid
sequence of SEQ 1D NO:49.
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